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ABSTRACT 


Tivseswiteveelicmammaste eExploOtation of the validation and 
limitations of fcrecasting the futur Navy based on histor- 
prea 1 growth trends. It addresses the long 2ern 
relationships between fleet dollar value, fleet tonnage, 
fleet manning and fleet ¢lectrical generating capacity 
disagqgregated by classes and types of vessels in the U.S. 
Navy. Phaseestuagy “presents  cthzee methods by which four 
aggrega*+ed growth rate relationships of United States Navy 
Ships may be estimated and compared. Piece .OUL PSODOl sone! 
megweh retes studied are unit (Ship) per acquisition dollar, 
*onage oper dollar, €lectrical generating capacity er 
dollar, and crewmember per dollar. Pace = 1bee “his torical 


growth rate computations are analyzed using four ditferent 


Memgnting fectors. Althcugh growth Fates are simplistic in 
Concept, aggregaticn of the non-homogenecus collection of 
diverse units which compese the United States Navy 


provides interesting results. 
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A. BACKGROUND 


io—eeseethe “nten. Of this anzlysis to observe pas* 


tr 
3 


Pestorical growt Sees ome he  acglasttion cose of JU. S. 
Navy ships and their interaction with the changes in crew 
size, tonnage and electrical generating capacity. These are 
med2icatcrs of the =Zlow of allocating Navy resources in our 
changing environment to meat the Navy's mission in relation 
meme national strategy ~- not just £96 war at sea but for 
peacetime missions as well. By observing the lorg ‘tern 
relationships between f1232+ value, fleet tonnage, aa 

Manning and fieet generating capacity by classes and types 
of vesssis Stececewley £S a basic building block in ¢hs 


fea daticn ver iiteeatiens Ce LOresastaing the future Navy 


based on these historical grewth ‘trends. It addresses 4 
Besec aquestlion c£ acgregation, namely: can trends be 
Spotted in aggregated data that are not cbvious when morse 


detailed observations ars examined? 


ne ies. puC t ULES. 


a 
- 
es 


iMiewin~=-©d Sta-ss Navy is composed of manned Shins and 
feectatt, both supported by a large iod 
Memes ene 2f-en:= of this analysis to suppert the policy 
analyst in viewing the Navy's past fleet t Shon e a7 

Peeez sng i2=S future course in acquiring new nave 

cting a macro-anaiysis of Navy ship as 

Sianges that occur cver time. Svecurically, -£his-a 
will supper* the ongoing Navy Resource Dynamics Model spon- 
sored by the Office of Naval Research. 

In an interview presented in th2 October 1982 issue of 
ALL HANDS magazine, [{Ref. 1], two months after relieving 


Admirai Thomas E. Hayward as Chisf of Naval Operations, 





Admiral James D. Watkins stated that eadiness, sustain- 
eeoeeeaety and "moOdernizetion form the basis for our decision 
making acals and objectives in the U.S.Navy for the next ten 


years. With regard to modernizing our Navy, Admiral Wa«kins 


argued 


"We are modsrnizing our eae ERoteVyus.e tO Satasiy paro- 


chial needs but becaus2 o the -incredible increase in 
numbers anol epmaisey Oi) Se) velene Union bOECES |. OU Objec— 
ives and goals are, | of course, _~n consonance “se raalaeley 


eect eaae, che Uhated Spaces 1s largely dependent upon 
mae sea J2n2s cf Communications for its survival, as are 
auc allies." 


From ccaception through research and development, 
design,procurement, and delivery, it takes a long time and 
an enormcus effort for a naw class of ships toe roll down the 
launchway and beccme a commissioned vessel. Mle shes Muss 
occur before the new class of ship becomes an integral part 
Semecne Navy Operating forces fulfilling national Naval 
strategy. Reiiable sources often state that this time frame 
is about fifteen to twenty years. Ents, tengiun Cf “eaanes 
imposes ifficulty in answering the following questions: 


Naval ships and how has tha design evolved? What character- 


di 
What is happening «+o the basic characteristic design of 
Pees iies Bielt ton veats =Erom now have? How much 
Meme COlLNG TO ccsit the taxpayers in the year 1995 for this 
new Navy ship so earnestly desired? And, how many destroyer 
mume Snios, [Or instance, will the Navy be abie to build in 
eeemyeer 2000 1£ constrained by a certain fiscal maxinun 
amount? Pima stsenewm=oNtcnt Of this thesis to heip answer 
these questions ky studying ralevant historical growth rates 
through zhree different methods and attempting +0 explain 
Pie2c partzcular results. 
AS previously quoted from Admiral James D. WaTKiIns, 
Me@ernhization of the U.S.Navy is one of the three primary 


goais and objectives during his tenure as Chieti of Naval 


10 





Operations. locemtie goeton hes Occurred “hroughout history 
in all walks of life, however, its impact has dramatically 
changed the manner in which Naval seapower strategy and 
tactics has recentiy evolved. Thus, modernmzzation of the 
fiest is an ongcing evolutionary acquisition process that 
has produced charging characteristics in Navy ships. Many 
factors cof interést which are measur2ble from available data 
inciude such items as ship Size, type Se PEODUESIOn, Sian- 
darc tonnage, generating power capatity, acquisition cost, 
Resource Allccétions 


ectS,;ernert. 2). By 


and crew requirements are detailed i 


ia 
ym 
{Qu 
"0 
Le 
iO 68 
wn 
to 


in the U.S. Navy: Pezrspecti 
observing the basic changes occur in these measurable 
Searaccerstics of the flast and their ratios t9 acquisition 
eest (adjusted fer inflation to constant doliars), observed 
@es ing “ends wiii occur over time and are measurable. 

imme c spe tanc tO discuss the verious categories of 
Meo. Naver ships in order to maintain consistancy throughout 
mies anelvySis.Firse of ail, each ship in the Navy belongs to 
fmeerpecitac class of ship. Every ship in that specific class 
nas tne same basic design characteristics. These basic 
design characteristics are the same ven “hough the ship may 
Meeriilt in two ciftferent shipyards on two diffarent coasts. 
For example, USS Gallery (FFG-26) is an Oliver Hazard Perry 


class aquided-missile frigate. Hon eGemne= Sons, propulsion, 
weavons suite, crewsize, stc. are 21i the same as USS Oliver 
Hazard Perry (FFG-7), efe farpst Ship Of She class. Each 
Mess CL Ship belongs to 42 particular type of ship. Ror 
example, mee Bloecke Class and Pesmy class are the «wo 
classes o= ship thac comprise the Guided Missile 


Frigate (FFG) typ¢ of ship and perform approximeztely the sane 


mission requirements for the Navy. The Brooke and Perry 
have different kasic design features. For axample, tne 


Brooke ciass shir has a steam driven propulsion plant while 


Bme Perry class has gas surbine propulsion. Each type of 


17 





Ship Gar likewise be grouped into major types of ships. For 
example, amphitious ships and aircraft carriers are two 
Major types of ships. It should be noted that as these 
different categories of ships are grouped together, they 
comprise 2 mixture of characteristics. The Navy ships as a 


whole entity are often called the fleet or the force. 


Thus, each ship class that is built can be defined in 
specific terms such aS tonnage, speed, crewsize, etc: 
However, when a group of ships is aggregated togéther, 


Gescribing the cverall characteristics as 1t changes over- 
time is an evolutionary dynamic process worth studying. The 
concept of system dynamics which has been ferwarded by Jay 
We Forrester in {Ref. 3] is appropriate to the study of 


U.S. Navy ships. This »verview to the growth process 


we 
Nn 


O 
a) 


Be2mg conducted by Dr. Rolf Clark, R¢search Professor 


Qperations Research of Th2 Gecerge Washington University, 


we) 
ee 


his Resource Dynamics Model. 

Rescurce Dynamics i¢ an Ongoing research preojecz= for 
understanding navai force avelution and naval force funding 
sequirements. TZ ais an integrated research effort of 
moderate scope which complements the Plannin Programming 
and Budgeting System (PPBS) in the Navy by independently 
estimating force levels and their associated budget require- 
ments over the lcng term. Additionally, Resources Dynamics 
pervides rapid response and crder of magnitud? answers +o 
Navy policy questions. As designed in [Ref. 3], Resource 
BymamicsS provides projections into tne future which are 
Mpazemetricaliy" derived. By analyzing past trends and 
MimtyZ2>ng policies, parameters are sbtained statistically, 
and these parameters are used to Simulate the future under 
alternative policies. AED Secure >: the basic iagram and 
interaction flow of the Navy Resource Dynamics Mod2l is 


Smowh ir Figure 1.1. 
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Withcut going into a detailed explaination, an example 
of a set of assumptions for the Resource Dynamics Model is 
Bpewn it Table I ., Ba 

Me 2s shown in Figure 1.2. It is noted that there are 


(p 


resultant output from these 2ssump- 


assumptions listed in Table I which will not be addressed in 
has thesis. MimcomsctudVwarwet be nOot. LOOK at Sperating and 
maintenance (O&M) costs, aireraft data, modernization costs 
B= Manpcwer compensaticn costs. Ships, crewsize of ships, 
Meqerati:nrg capacity of ships, and acquisition costs ar:2 
investigated in this analysis. The interface with the 
Rescurce Dynamics Model in \—an if 2S shown in. two 
places, namely the budget for procurement funds and the 
Shartac*eristics cf the fiset. Thus, this study addresses 
a a por*ion of «he Resource Dynamics Model and its policy 
enpl.cetions. 


s 


he systen dyramacs; 


cE 


The me~hedology Woon, owen 


"res rates and ra*ios as 


described in (Ref. 3], 2perazes req 
primary inout variables t~> the fee 
Since, the primery purposes cf th: 
Moe +O complement the PSBS process and to provids quick 
response to policy questions, it is important that the rates 
Magee tbat OS provided for the modelling vrocess accurately 


describe *h2 flow of resources in ths systen. 
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Titer tne studwy OLe=MP.rical proportional growth trates 
for 0.S. Navy ships and the subsequent flow of resources and 
technolegy in this analysis are expected to be integrated 
into the ongoing Navy Resource Dynamics Model. One cf the 
mapimiec fLeatures of Dr. Clark's model is ship unit cost char- 
Mereerist-cS growing from histcrical rates, adjusted for 
recent trends and adjust#d for complexity changes. This 
study is a re-examinaticn of the basic ship proportional 
acguisition cost growth rates. By attempting to disaggre- 
gate in various ways and utilizing various computer methods 
to <ry to produce the best overall growth rates and also 
produce the best tyve of ship grewth rates, this thesis will 
provide these oftions and their limitations as an updated 
input for Dr. Clark's Resource Dynamics Model. 

[ie OT OPOLc 20Nal growth “ates to be studied in this 
analysis are units or doiitar(:sset value) ,generating 
Sepecity per dollar, tonnage ner dzliar, and ctewsize pez 
doilar. Two relevant questions to this analysis are: Why 
should these Pane ew 22 se OLOPOL elo ha bacgrowEh rates be 
studied? and Why are all four growth rates expressed as 
Meet doliart (or asset value)? ei Ssetcal =ecoren:c 
Semen ses <redicional inpuxs ¢O s production fun 
These are manpower, energy and equipment. All three of 
these are represented in this analysis. <Additionaily, as in 


most business décisions, Captat OG ethe budget  tunding 
al 


t-- 


aVailabiiity drites *he acquisition iecision-making process. 
Within the Department of Defense,the one variable which can 
Semendirectly cortrolled is the pudge= The other 2xplaina- 
tory variables are fer the most part fixed. fie, lCehaough 
mee use Of proportional growth rates(per dollar), this study 
Sercempts to help translate the budgetary considerations to 
the observable element of the Navy's production function 


Meech iS the composition of the fleez. By studying «he 


te 





exogeneous variakles as trends in relation to ship value 
the resultant policy implications become mcre observable for 
the decision makers. 

The proporticnel growth rates studied in this analysis 
are not so easily obtained in the Navy because their effects 
on the classes of ships are not the same. Not only are the 
ship class characteristics not the same, but the new classes 
created over tine have different-characteristics as well. 
This difference in the Navy's ship class characteristics is 
the reason that weighting factors must be utilized in aggre- 
gating the various non-nomo geneous “ypes of ships. & S2uweng 
trend may exist in a particular class of ship. Yet when the 


is grouped with Similiar ships into its major mission 


t'- 


class 
type, the impact is minimized. The ship's uniqueness may be 
overpowered in guantity orm (eid of other classés. 
Therefore,even if a trend is strong in @ particular class of 
Shep it may not aifect the total Navy trend because i+ is 
Blenh a shall input to the whole fleet. PObettlS Sea SOm wi. 
25 important that the "best" overall proportional growth 
rates are utilized. "Best" implies smoothness,consistency 
mma stability. TO answer the design question of what the 
Mm@erecteristics cf anew class of destroyer built in th: 
year 2000 will be, requires the assumption of consistent, 
smooth growth if the system dynamics concept is utilized *o 
solve it. 

The United States Navy is not only changing in quantity 
of ship forces brt in mix as well. Before devising his Navy 
Besource Dynamics Model, Dr. Cliark conducted the historical 


eeock and flow analysis of the Navy ~rom 1962 +o 1977. This 


analysis was published as Resource Allocations in the J.-S. 
Navy: Perspectives and Prospects. This document served as 


the date base anc conceptual basis for the Resource Dynamics 
Model. An update on the general change in fleet composition 
end individual ship characteristics as presented in that 
Menrkeng paper, { Ref. 2], Foliows: 
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It is apprepriate to digress briefly and mention the 
ship classes leaving and entering the fleet during the 
histerical period of interest in this analysis. The veriod 
1962-83 saw the exit. of many remaining World War II ships-- 
the Hancock and Esssex ciass aircraft cerriers, the Des 
Moines, Saint Paul, and Canberra class cruisers, the Sumner, 


Gearing, andi Fletcher class destroyers, and the z£dsall class 


escort ail left the fleet. Only'a few of the most recent 
diesel submarines remained. The Guovy classes are decon- 
mmissioned and are replaced by nucl¢ar subs. The Desoto 


moumty, Terrebcnre Parrish, and Tablot County landing ships 
(LST's) are gene and have been replaced by larger, faster 
aopiibious ships. New classes have names already famous: 
the ballistic missile submarines (SS83N) Lafayette, Ethan 
Allan, George Washington; the Los Angeles, Sturgeon, and 
Narcwhal class €leet submarines (SSN); Chew mee? CVN,. the 
Meecginic, Caliécrnia, and Belknap cruisers, the Spruanc2 
class cdéstrov 


oC, Gene BEOOKe, Garcia, Knox, and Perry 


a 

class frigates, ail have made their debut. Amphibious 
Ine EOducecLOon Cf “Sen=> naw Tarawa=class hedi- 
ship (LHA). Man 


sau 
menticn all-~ remained active [AaoOug hous : Tilt pes, 


S 
forces ¢é ite 


x 
i+ 
rR) 


SePpter as Nnames--too humerous ts 


ci 


<< 


Enterprise, Kitty Hawk, Forrestal, Midway, Long Beach, 
Bainbridge, Adams, are a few. 

Dr Ciark*'s synopsis of the chang=s in the composition of 
the Fleet is still appropriate to this analysis coverina 
1962 to 1983. In [Ref. 2], Professor Clark stated: 


Meee ata 2n th=s apalysis is made up of such indi- 
Meauael ships. Stewiy DUE nOticsably, their procession 
changed the characteristics of the fleet. The fleet is 
Taster, more crew-conscious, ani more powerful than 
before. . 

During the 1962-77 period the mix of ships changed 
meas s©O Gid the characteristics of individual shio typés. 
There are fewer ships now and less total tonnage. Larae 
increases in submarines and decreases 20 alrereatt 
Carriers and surface combatants. have occurred. _. Mine 
force ships. have practically disappeared. Amph2bious 
Ships stayed relatively constant in number. There now 


te 





are larger ships with more nuclear PE 
Carriers and SSBN's, andi different amphi 
Hoon soumucieecnange on the composition of the force, it 

is difficult to easily sea relationships, most especially 
Preperc Ohnal trates, that are constant in U.S. Navy ships. 
This thesis searches for those relationships that are the 


M@raving :nfluences to the acquisition cost process. FOL 


ty 


O 
shat reason, unit per dollar, crewsize p Goiwlan, gener- 


rc dollar are the 


ue) 
Oo mM 


Beng Ceapacsty per dolla=, and tonnage 
Four growth rates studied. They hslp define the evolu- 
tionary process cf changes in the fleet, providing insight 
on the future direction of the fle as it continues to 
modernize. Mido mene Ve are Gderryed Lo directly assist Dr. 


Clark in his ongcing Resource Dynamics model. 


Bee LNIERODGCTION OF A NEW CLASS OF SHIP 


Before observing the data base it would be beneficial to 
+ 


d 
observe the effect cf thea proportional growth rates when a 
Mew cieass of ship is tnttoduced. The Spruance class 
destreyers have keen selected as an 2xample for introduction 
Of @€ class into the fleet. The pertinen asic data on tha 
Spruance class is display2d in Table II. 


The Spruance class jdastroyer was the first destroyer 


(DB) *o be introduced in the fleet since the last Forrest 
Sherman/Eull class ship, USS furne> Joy ~(DD951), was 
mmeached in 1958. There ware numerous guided missiles 


destrevers (DDG), Frigates (FF), and guided miss 

(FFG) introduced during this intervening time period of 
ere 1975. Corcurrent with the introduction of the Spruance 
Class destroyers in tne 1970's was the décommissioning of 
numerous Gearing, Carpenter, English, Allen M. Sumner, and 
Fletcher class destroyers. All cf these destroyers were 


Meee Shortly before, during, or shortly after World War IT. 
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| 


| 
| TABLE II | 
| Spruance Class Basic Characteristics | 
| | 
| me. | 
Name Acgvtisition Cost Standard Crew 
| _ an Ts Dollars Tonnage 512% 
Spruance 377,869,000 7,300 353 | 
Generating L2unch Number in | 
Capacity Year Commission Now | 
| 6,000 KW 1973 30 | 
| 
| | 
~ _ ee SE es ee 





However, these gracerul "Greyhounds" of the fleet were 
Beeoming Obsolete in terms of technological capability to 
fight the modern Soviet shreat and were reaching the end of 
meel2r Maintenance sustainabil<ty. 

The Spruance class destroyer was conceived, designed and 
analyzed in the mid 1960's as a replacement for ‘the aging 
Maria War iI destroyers. Althcugh 1% was an inevitable 
requirement to build a new class destroyer, Admiral 
MecDonald, as Chief of Naval Operations was the insrumental 


Baediys. that becan the gestation of désig 
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arepiacement destroyer. ie 
solidly based upcn the Major Fleet 
[Reft. 4}. Mies Chieti of Naval Operations study was 
Beaplishec in August,1967 and it strongly influencsd «he 
Pmaebacteristics cf the Spruance class. After engineering 
design plans were formalized, the Fiscal Year (FY) 1969 New 
Construction Program requested funding for the first five 
ships of this class. The funds were denied by Congress. In 
the Fiscal Year 1970 Program, Congress approved funds for 


fae cOnStrucz2o0n for five ships. However, due to incrzaesing 
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costs, the Department of Defense was forced to construct 
only three ships under the FY 1970 program. 

USS Spruance,the lead ship of the class, was launched 10 
November 1973 and was commissioned 29 September 1975. Thus, 
she took approximately two years from launch +o commis- 
sioning and was effectively introduced to the fleet in early 
1976. Four more Spruance class destroyers were commissioned 
mam 1976% followed by five in 1977,- 2ight in 1978, seven in 
1979, five in 1980 and one to be commissioned in 1983. 

Jane's Fighting Ships [Ref. 5] provides an overali 
Synopsis of the Spruance class characteristics. SheweLs 
designed with an extensiv= use of the modular concept to 
Stee iitate both initial construction and block modernization 
of the ships. The ships are? highiy automated, resulting in 
about a 20 percent reduction in personnel over a similiar 
Ship with comparable systems. 5 

The primary mission of the Spruance class destroyer is 
anti-submarine warfare including operations as an integral 
Ber~ Of attack carrier task forces. These ships are “he 
first large J.S. Navy warships to employ gas turbine propul- 
sion. Baenmmcaesc hes trour generat Selectric LM 2500 marine 
gas turbine engires and control pitch propellers. The ships 
ara fitted with advanced seéelf-noise reduction features. 
Three gés turbine generators are installed, each with 2000 
kilowatts of generating capacity. 

Each Spruance class ship has a standard displacement of 
M7200 tons and is historically large for a destroyer. She 
carries a wartime,onboard complement of 353 crewmembers. 
Bach ship of the class has the same characteristics as USS 
Pmeuuance except for the acquisition cost. Mis, cOnnage, 
crewsize and generating capacity ars all the same for each 
emep of the class and acquisition cost is the only major 


Meer eLence between units of *+he class. 


ZZ 





dirferent, 
a€ovrakrs) In 


it is a standard 


The acquisition ccest for each ship is even 


when adjusted fcr inflation (constant year 


shipbuilding as well as other industries, 


business practice to produce cheaper per unit ccsts when 


more units are built. Additionally, there exists a 
"learning curve" where the employer becomes more efficient 
in producing new products as he builds more units. These 


basic business facts coupled with the government's practices 


of year by year contracting produces variability in the 
Megu2Ssi=i.0n cost of each unit or ship built. 


A year by year display of the acquisition costs for the 


TABLE IIL 
Acquisiticn Costs for SPRUANCE DD Class Ships 


| 

| | 
Year Totai in Avg. 1984 Total 1984 

Class neg. Cos t Ned. COSt 

Mialrs) M(dlrs) | 

19 76 1 036.432 436.43 | 

1977 5 361.865 1300e32 | 

| 1978 10 Bay 2150 3171.50 | 
| 1979 14 299.539 4193.55 
| 1980 20 285.003 5700.07 | 
1981 29 272.658 7907.08 | 

19 82 30 2725505 SaaS eaiG | 

| 1982 30 272.505 ese 16 | 
EE ee 


This 


base used in this 


esented in Table III. 
Om, s=ne data 
Will be 


Spruance 


4 


class ships isp 
Mie ormation was obtained £ 


analysis. The data base detail in 


Chapter ITI. 


explained in 


P18: 





Piven tOmward Gdestkertencing, which will ba described 


in Chapter III, the four propertional growth rates for the 
Spruance class ships which will be studied in this analysis 
are displayed in Table IV. Phe aneOrmatiton from Table fit 


was utilized in the forward differencing technique *o creats 


| 
; 


TABLE IV 
Growth kates for SPRUANCE Class Destroyers 


Hear Botiak «= “Bodden” «= *BeaTaB = “Setiaz7°7 
1976 Oe17 tss7 Oe l HOC o0 670850 Ol easy 
1977 OR i225 67 0. 125567 Oe oe 7 i US Sie 4 
1s 78 ORO Ds520 0.055528 o) <, (Ui aisy eas esa 526 
a79 O70 4ses 26 0.048528 0.048528 0.048528 
i 80 G2 O4 231 7 0.943317 0.043317 0.043317 
19 81 OCG 8 Sia) S, O20 00559 ) Ge itisyeye J2000559 
82 0.006000 0.000000 Se 00000 0 0.000000 


ree 


i 
7 


the growth rates in Table IV. 


to note he 


i cine ae et, es EE ee elie EP ce Oe Lo, Ce ee ee SD eles oe ae ee ee eee pene Se 


im oa 


-_= 
——— 


that the forward differencing procedure utilizes the average 


meguisition 
commission 
meoking a* 
and 1982 in 


decreases 


mis Oon dagollars 


Met 13, ZEd, 
1981 is 


Ships have 


only 


cost of 


Shaw oa re 
the éeverage acquisition 
Taote Tit... 
Sie gee dey 
and t 
the growth ra 
Ominye 0 000559. 


the seme 


Teulsie 


the ships 


Saneces tic 


from 
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And, 


teonnage,crewsize, 
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year. 


e class 
can bes 


en Sens 


than are 
seen 


years 


average acquisition 
£0. 027 25505 


technique is 


ea 58 nt on 


Forward differencing 


Untese7 Dollars (Million) 


because all 


by 
19874 


cost 


in 
Sptviancs class 


and electrical gener- 





BEnCmGapactty, che f£OUr proportional growth rates in any 


(i) 


year are equal. Phas tse thule S2:nc= the only chang: is in 
Oost. Tt is also of note that there was no change in 1982 
in the growth rates of Spruance class ships as shown in 
Table IV. This is because no Spruance class shipvs were 
introduced or décommissioned in 1982 so there is conse- 


2 
quently no change. Although Table IV is therefore pn 


of very 
complex ,it illustrates one of the effects that is changing 
mae Fleet. Also,when the Spruance class data is toc be 
grouped with type,major type, or the fleet, these growth 


rates are needed. 
To show the learning curve effect on the Spruance cia 


ss 
ace class growtn rates 


so2p, a plot of one of the Sprua 

against years, as formulated by the data base and the year 
to year forward differencing technique, ts displayed in 
meigure 1.3 . It should be noted that the other growth rats 


plots over time will bein exactly the same form as the 


Mmec/Doliar growth rate which is shown. 
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Figure 1.3 Unit/Doliar Growth Rate for SPRUANCE Class. 


An interestirg effect on the proportional growth rates 


occurs when the various homegenesous classes of Ships are 
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aggregated with other ciasses to forn the non-homogsreous 
categories cf types of ships and major types of ships. As 
mentioned in tre background Seeeeon Of “<uhis chapter, 
numerous World Wer II eee (DD) classes of shivs were 
decommissioned during the late 1960's and early 1970's. The 
Sumner, Gearing, and Fletcher class destroyers all left the 
active flieet with some remaining as reserve units before 
being retired frem the Navy. This excius of ships, coupled 
With the introduction of the Spruance class can best be 
Mescribed visually with plots of number of units active or 
reserve, average standard tcnnage, 2venage crewsize, average 
generating capacity, average acguisition cost and total 
acquisition value of destroyer (DD) type ships against time. 
These pilots are displayed in Figures 141.4 through 1.9 on the 
following pages cf this section. A vertical line has been 
@eewe ehrough the year 1975 in all af the above plots indi- 


Seeing the time when the first of «*h 


( 


Sprvuance class became 
an active fleet member. Trese Vicual plots display a 
Bens2stent destroyer type force from 1962 ‘to 1967. 3 
Bagure 1.4, Eiiebenracrc Share drop i> the total number of 
destroyers especially in the time pzriod 1969 to 1973. ioe 
aegure %.5, the average tconnage of a destroyer remained 
reiatively the same until the Spruance class was introduced. 


in Figure 1.6, the older destroyers which were decommis- 


j-- 
3 


> 
' 


* 
i 
New 


by" 
@ 


Sioned caused a rise average destroyer crewsize 


Pem@ere =the introduction of «he Spruance class. In Figure 
lo ewe c evident thaec  ehe Spruance class has greatlv 
imcreased generating capacity over che other destroyers. 

And, in Figure 1.8, there was some increase in the average 


acquisition valve of the destroyers before the Spruanc2 
class arrived. However, it is obvious that Spruance is much 
more expensive than the other destroyer type ships. Figure 
fee ,-n concert with Figure 1.4, Shows an interesting 


Besult. With ore-fourth of the number of destroyer ships, 
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the Destroyer type in 1962 has more 
cumulative acquisition ass¢t value than 
1960's. 


than 


a a 
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had 
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Total Number of DD Type Ships during 1962-1982. 


Figure 1.4 
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Figure 1.5 
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Average Tonnage of DD Type Ships 
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Average Crew Size of DD Type Ships 1962-1982. 


Figure 1.6 
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Figure 1.7 


Generating Capacity DD Ships 1962-1982. 
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Avg. Acq. Cost DD Type Ships 1962-1982. 


Figure 1.8 


33 





| 
‘ 
* +N | 
i 1 oo 
WwW St \ 
Kim UO ' 
m5 3S) Ht +2 
Ve w 1c 
~_ >a CWO + t 
19) TU ' 
Hi Hhiaev +t + 
w ft RBH Gs (tf 
ri hMmorI 3 ' 
| Vv ' 
= A 1 
it A ‘ 
| eG: tt ' ' 
| O it oa += \ 
a Te Ge 
| rc ig | 
r 1 
of % +N 
bP} tt 
* | fr 
| ' 4 
% +O 
q@) ;t~ 
D4 % ' 
| t | 
| = rg + | 
=; ee) 
co + ‘ 
42 t 
uv) + + \O 
ae ae) 
Oo * t 
) ' 
sg +3 
cof pw 
| oOo * KW ' i 
on) 20) } | 
—) + ito +N 
ef | \O 
= co» Y) j 
mr a en ee tt ee een tt nn rn tn en t§ eon ot i | 
Ben? 
31G 
© © a © © OW LAO © © a © © 
© ‘-) © ‘o) © SCS wANnoO © © a) © © 
© ae} © © S&S OfnH © © © | i © <> 
[Ding LO ve) = m NS ) (ear OV ‘0 @) [~ Ve) 


Te en ES ee ED tS YO ED 1 EE feito ete AREY cp ED met: CS te Tt Se em Se eee 


Figure 1.9 


Total Acq. Value of DD Type Ships 1962-1982. 
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When decommissioning and retirenent began to occur in 
the smalier, older World War II class destroyers in 196 
its effect shows changes in the average destroyer type ship 
long before the introduction of the Spruance class ship is: 
1976. These effects were shown in Figure 1.4 thr 
megure 1.9 . The evolutionary numerical tabulation of 
these changes and the resultant "average" destroyer ar¢ 
displayed in Tatle V. PoemioenoceWwOreny that all-of the 
Naverage"” destroyer (DD) statistics increase over time. A 
decrease in numerical value followed by a Short peak and 
then another fall occurs to both the number of ships and 
the total acquisition value of déstroyer type ships listed 
in Tabie V. 

Mmidsttnallys; the effect on the proportional g 
moe pe studied in this analysis for the samnpl 
destroyers is dispiayed in Table VI . TAS gaa c 
fnat When utilizing the forward differencing teéch 
there are multiple effects occuring to a type of shin 
occur over time . BOvmecnhwweauetion Of new classes Of Shis 
and exit from the fleet of older classes have an impact on 
mols mecthodology. 

A digression into interpretation of seme of the entries 
p@oee-ebencs in Table VI and its relationship with Table ¥ is 
important. It is noted that ther2 were no new ships intro- 
duced cr old ships decommissioned in the early 1960's. 


Mnus, =here are zerce growth rates in all four ceos*+ catego- 


ty 
t- 


ries. In the late 60's and early 70's, there are changes in 
the "average" destroyer statistics shown in Table V . This 
is aiso evident in ail four growth rates in Table VI showing 
negative values retween 1968 and 1975. MISO; Le 2S LNpOr- 
Se ae 


a 
occur before and after the Soruance class is introduced. [In 
ec 


(D 


Te 


mer. tO note in Table VI the changes in growth cfc 


the standard tons per dollar (asset value) growth cr 


a, ene 


BSeewWance class introduction actually causes a shift fron 


She. 
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TABLE V 
DD Type Ships During 1962-1983 


Tous 4 CE ey 

Sa ze 
Peeoet4 2705396 
2ezoeth 270 5396 
Za29-44 2705396 
Deeee4h 2704396 
2229.44 270.396 
Pez. 44 6270.3 96 
2-35.98 270.7450 
2s 94 2745110 
Zoe 0S 274 2786 
Bat 2 SOG Ste 
Zaste56 2/7 «7 16 
ZUG 283 2Za1.4a9 
Ze 03. 282.641 
Spruance Tlass 
Ze 3 255 6507 
2265.96 29% .906 
5463.46 308.058 
8666.18 31772324 
4439.71 322.294 
Micke (h5 (ioyemerlsy 3) 018) 
WetiG.O1 3272528 
Ses 6) 3254950 
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eS Spee Soro 
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N9Sses4 wec6. 157 
HIS 3355 Soe 157 
1333.3 86. 157 
1933535 Sow I57 
19332632 862395 
css Aes: 68.342 
1933 635 90.102 
1953.35 90.800 
1933..35 Oe 37 2 
33-53. 100.369 
ise. 550 101.986 

iPionod Ie 220n 
PNSt 250 109.263 
2950200 Voz, ous 
3560.00 194.204 
HO00. 00 169.311 
4352.94 187.200 
0697-67 se 2s. 904 
Cele eo, OS 7 
BGs 6) 206.79 2 
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12022. 3 
rots 2.-8 


eee oo a a ee Ly a a 


eet eS eS ee ee ee ee cee ee Le 


—— a ee i De ee Lee eee ee ee ee eee ee 


| 
| 





| 


in | 
| TABLE Vi : 
Cost Growth Rates for DD Type Ships 1962-1982 | 
| Year Units / Side to ns 7 Gen.Cap./ Crew rey 
{ Dollar Dollar Dollar Dolla: { 
| 1962 0.00000 09. 000000 0.000900 0.00000 | 
| 1963 0.00000 ~ 0. 000000 OPO ROReRe rene 0.00000 | 
| 1964 0.00000 0. 000000 0.000000 0.90000 | 
1965 0.00000 0. 000000 0.000000 0.00000 
| 1966 0.00000 0.009000 0 0G0010 0.09000 | 
| 1967 0.00000 0. 000000 0.090000 0.00000 | 
| 1968 -0. 00230 -9. 000350 “9.002300 -0.00103 ! 
1969 =05025 0/1 =a 00 2415 = 0) Be Sake, -0.01043 | 
| 1970 -0.01992 -0. 013044 -0.019915 -0.01740 | 
| 1971 -0.0C776 -0. 601823 -0.097753 -0.90441 | 
1972 = One 2032 -0. 018919 “0.028321 -0.02086 | 
| 1973 -0.07515 -0. 047916 -0.0757438 -0.06089 | 
| 1974 =215 (0) By Sis -0. 0122 05 =9020 159,35 -0.01165 | 
| 1975 =020 7133 =. 0355 (3 C.053147 -0.06170 | 
| ee Spmelance class eer Ol. ie | 
1976 =ee ino t -). 056820 0.098445 -9.17648 | 
| 1977 -0. 14574 0.012886 0. 0505e5 SOs 1S | 
| 1978 = OS 71¢ O22 Ot5245 0.02 166" -0.07188 | 
| 1979 en) 1656 0. 025664 “0.028156 “0.08253 
| 19 80 -0.04649 0. 045726 02030303 =) 2035195 | 
| 1981 -0.0C604 0.002129 0.990259 -0.00472 | 
| 1982 -0.04924 0.051970 0.119991 -0.06009 | 
7 
negative growth to positive orowth. Although not as 
pronounced, the same efrfect occurs with the qenerating 


oF 





Sapacicty per doliar growth rate. These trend relationships 
are not difficult to observe at the class and ‘type level. 
However, when acgregation into larg2r groups occurs, thes¢ 
trends become opaque and hard to detect. 

There is also evident in these displays a dependence 
between years as one observes the evolutionary process of 
the Navy as it mecdernizes itself. This dependence between 
years cannot be avoided as one ohserves the fleet changing 
over time. The Fleet can only be changed so fast. Luss, 
the dependence tetween years becomes a critical difference 
and a critical assumption in the proposed methods of agqgre- 
gating the various classes, *types and najor «types cf ships 


shat compose the Naval force of the United States Navy. 
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A. DATA BASE DESCRIPTION AND MEASUREMENT 


frmendec= tO fOGLecest Elwadre trends, it is necessary to 
have data availiable and nake certain assumptions. 
Makridakis and Wheelwright (Ref. 6] stated quantitative 
forecasting can te applied when three conditions exist 
1. There is information about the past. 
pee Uhes infOrmatteon Can be quartified in the fortrn of 


Gata. 


’ 


3. it can be assumed that the pattern of the past wiil 


a 


continue in the future 
This last condition is known as the assumotion of constancy 
and it is an underlying prenisa of all quantitative and many 
mecnnolegical forecasting nethods, no matter how sophisti- 
cated «hey may Ee. This assumption Se ecotseaney must be 
Rept in mind during the methocology discussions of growth 
rates ~o be presented in Chapter III. 

The analysis in this thesis is based on data dsrived 
from U.S. Navy sources, opudget documents, and data made 
Mertable from the Program in Logistics, Navy Resource 
MeM@amics, George Washington University. fhe majority of the 
data base was ohtained from the Navy Resource Dynamics Model 
researchers by computer tapes sent through the mail. Since 
the main frame cemputers at George Washington University and 
the Naval Postgraduate School are compatable Internaticnal 
Business Machine computers, Stewas SOOSSlible <O direccily 
transfer the data base by tape for immediate access. Both 
BeecrlttiesS maintain the Statistical Analysis System (SAS) 
meowged by the SAS institute. These two compatabilities were 
invaluable in reducing data base confirmation, loading times 


and data base manipulaticn. 


SiS, 





The data base utilized by this analysis has the informa- 
fPaeme!isccteqd in Table VIZ and is self-explanatory with one 
exception. The acguisi.tion cost (AQCOST) is supposedly the 
government's "“actrual" acquisition value ci the ship 


including government furnished equipment (GFE) and govern- 


a 


TABLE Vif 
Histor:.cal Ship Data Base 


eee EE UL EE | ee 


| 
| 
| Category Descr:. pti or 
NAME Nane of Ship 
HULL hue Namber Of Ship | 
SE ASS Ship Type (orem: DD for destroyer) 
ELSNAME Name of Ship's Class 
fe uN CHYR ie ewe Sitp was laune hed 
meno COS™ Best estimate of the acguisition cos | 
| G@eecna: SMecetic ship (ACSTY® cise >) | 
{ko coiver st ons/modifications inciuded) | 
| Nesswie gs Yeer a7 which acquisition of the ship 
| peeGee-a | 
| RE aTye Year in which the ship was retired | 
(GUE a0 ii cable) | 
{i TONNAGE Standard tonnage of yhe ship | 
| CREW SeZe Go,ene Crew: Ship's manning | 
aqocument (SMD) Pe oie Ss | 
GENCAP Mcicewmecal “Generating Capacity in | 
kilowatts | A 
DCODE Ship's major type (2xample: amphibious | 
ships 
| AQCST84 Nea tieietos cost in constant 1984 dollars | 
| | 
| 
| | 
== : a ae | 
ment furnished material (GFM). The data base lists over 
feed ships that have been commissioned in moe. ~ Uys. 


Navy,Naval Reserve Force (NRF) and Military Sealift Command 
woNS). 
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The Resource Dynamics data base contains additicnal 
m@eornat:opr not utilized inthis thesis. This includes 
Peer MOCHL=catich Ccost information. In analyZing ths totai 
asset valine of the force, that particular type of costing 
PeoEmacion can ke critical. However, it was not essential 
mee che study of acquisition cost growth rates. It must be 
recognized that a significant portion of the Navy's overall 
budget is utilized for service life extention programs 
(SLEEP) anc major modifications to older units as alterna- 
tives to procurring new ships. Moen pecer.s Mew tel: on 
@eaquisit~ion costs for new platforms . ite 2s felee on the 


number of new units that can be purchased. 


Be. DATA BASE LIMSITATIONS 


It is necessary to make some 2ssumptions in crder to 
@e@ea-n ~né aggregated arowth rates of «he Fleet. Some 


degradaticn in transformation occurs when transferring from 
Vv 


individual ship data to the aggregated fleet level. ie, 
See cel <0 explain some of the idiosyncracies of the data 
Mase enc 3tS applicability to the forthcoming nethods 


described in Chapter III. For instance, as was presented in 
Chapter TE while discussing the Spruance class destroyer, it 
feewapeprceximazely two years from launching t9 the actual 
commissioning cate of USS Spruance (DD963). In the forward 
@eecerercing technigue used in Chapter III, the figure of 
two years is utilized t> estimate the ships who were commis- 
Beened® if a particular year. Thus, in the data base, 
commission year equais launch year plus two. Several ships 
were commissioned in less time and sé¢veral ships were 
commissisoned over a longer period of time, not only for the 


Spruance class but cther classes and types of ships. 


4 





Pmnotner sei contessed Jamitation in the forthcoming 
forward differencing methodology discussed in Chapter III is 
tha inclusion of the inactive units which become recommis- 
Sioned after a certain DeLuOduee) ce laniaGt ivi = 10N. For 
instance, all four of the Iowa class battleships are 
included in the commissioned (active or reserve) forward 
differencing computations during the Snt.re sper2ed Of 
1962-1982. An exception exists for USS New Jarsey which was 
retired in the data base in 1970. USS New Jérsey was 
Mmeought out of retirement for beth the Korean conflict and 
tne Vietnam War and was recently recommissioned for the 
EOuUTth time. Thus, the battleships are a unique class of 
ship. They do not follow the normal progression of commis- 
sioning,active service, perhaps NRF duzy and then 
retirement. It must be @mphasized that this data anomaly 
does not affect the regression methodology, only the forward 
differencing methodology. 

Meee adi tional] Critique of the data base is that not ail 
ships have electrical generating capacity displaved. The 
dzta base is accurate with the recent classes and types of 
Snips. However, the data base is missing for some of the 
Ooldér ships. AS an Example, when observing the commissioned 
Seeps in 1962, GeatOtaeiectwas2 “Shaps ere left in the data 
base when USNS ships and units under 300 tons (Patrol 
Combatants and Patrol Hydrofoils) are deleted. Ompey 1 § 150% 
these ships have generating power data available. The other 
categories are mere compisete with 823 units having tonnage 
Peeorma=10n in 1962, 796 having crew conplement information 
emaeoail 852 units having costing informatior. These gaps 
are ali closed frogressively over the years, so chat, 
1983, a total of 518 ships are active/reserve with all 518 
Maving tonnage ard costing information, 516 having crew siz 
information and 494 having electrical generating capacity 

cS 


eae Ormtation. TiacewanoOuely sagen directly affects th 
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forward differencing methodology and not the regression 


technique. 


C. STATISTICAL ANALYSIS SYSTEM UTILIZATION 


A desirable cbjective of any analysis that 1s conducted 


iD 


is to make th final product and its procedures reprodu- 
ciple. All of the analysis for this thesis was conducted 
ieeerazing the Statistical Analysis System, a product of the 
ao Institute. The Statistical Analysis System iS an 


outstanding user oriented tool. Once its basic features and 


nomenclature have bteen mastered, SAS provides excellent 
mesuLlts. Not cnly is the Stastical Analysis System user 
friendly for thé operator, especially in the handling of 


Peeore messages, it is aiso computer efficient in its utili- 
Bae on O: CPU time. Shemwonomeses’s Guzce, [Ref. 7], was 
mos= helpful in displaying che systems ability to create, 
Manipulate and scrt data s¢éts. Additionally, the procedure 
steps were not cnly straightforward, but were also well 
Mecumented on their utilization, limitations and special 
considerations for usagé. Several GOfp the fager woAs 
programs utiiized in this analysis will be disvlayed in 


appendices. 


There did exist one imperfection in this analysis whils 
uSing the SAS computing capability. mn order to perform ths 
Regression Method discussed in Chapter III, the slope of the 


time-series regression line, the coefficient estimate of 
mame, could not automatically be listed as an output from 
the GLM (General inear regression Models) procedure in 
{Ref. 7}. This slope is to be combined with other slopes in 
forming the aggregate acquisition cost growth rates for the 
eimre U.S. Navy.it is understood by this author that this 
Capability will te added to SAS in th SULUSS < fris was 


meauce Calculating times significantly. 
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De. ELIMINATING INFLATION EFFECTS 


inmerde: to cbtain "real"Sgsowlth rates, it is imperative 
that the effects of inflation be eliminated from the data. 
Otherwise, inflationary 2ffects can intertwine and distor: 
the guantificaticn results. The Deflator Scaie listed in 
Table VIII was utilized in this study to bring the acquisi-~ 
tion cost (AQCOST) ie acimmmcniaeen the data Wbase to a 
"constant" 1984 dollar value. Bye diViding the e@equis ition 
cost (AQCOST) wy the deflator of the year in which the ship 
was acquired (ACSTYR), all platform acquisition costs were 
elevated to 1984 "constant" dollar values and stored as 
AQOCST84 in the SAS data base. The deflator scale listed in 
Table VIII was cbtained from the Chief of Naval Operations 
(OPNAV 96-D) Staff. 


It must be recognized that deflator scales can not be 


perfectly absolute and different deflator scales exist for 
the same “basket cf goods", himOLde = — -O reduce 7=he 
Sompuczng iterations, only the deflators listed in Table 


ft were utilized in this study. 
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A. RESULTS 


Fh 


It is appropriate to overview the preferred results o 
the analysis before delving into the exact equations and 
Mecreacicgy of producing each of the three method alterna- 
tives. The four proportional acquisition cos* growth rates 
studied are unit per dollar, tonnage per dollar, génerating 
capacity per dollar and crewmember per dollar. These growth 
rates will be displayed in the tabulated results as GRU/C 
GRT/C, GRKW/C and GRP/C respectively. The three methods of 
aggrega*ing the cost growth rates ar2 as follows: 

1. Method A utilizes a linear least-squares time-series 
regression technique on major types 29£ sSshivos and then aagre- 
gates the data irto the total fleet. 

Z2. Method B conducts a moving aggregation of cost growtt. 
rates by keeping track of ail the commissioned active anda 
reserve ships in a particular year, compares yearly totais 
Myeclass and tyre of ship utilizing a forward differercinc 
function described below and then aggregates the results; 


Mee eonoad © 1S a combination of Method A and Method 


on 
4 


Meme rtizes the forward differencing function technique on 
the classes of ships for the years in which they are active 
or reserve. 

weet nz=ee btisterical arowth sate computations ar 
analyzed using [cur differant weights, namely: 

fe Seach Class of Ship weighted equally; 

2. Each Ship weighted equally: 

3. Each class weighted by the average acquisition value 


Meechat class:and 
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4. Fach ship being weighted by its own acquisition cost. 
These weighting factors will be displayed in the tabuiated 
results as WT1,W12,WT3, and WT4 respectively. The choice of 
which weighting factor to use is not clear. Therefore,an 
average, denoted by AVG, of all four weighting factors will 
also be presented in the tabulated results. 

The results using time-series regression are shown in 


Table IX . Picmmnee=pOtac2Onwos, years 1962 260 1983 were 


- 
| 
| 

7 


TABLE IX l 

Method A Cost Growth Rates Results | 

| 

| Time-Series Regression Technique ! 
(During the Years 1963-1983) 

(Expressed in Percentages) | 

GRU/C GRT/C GREW /C GAP eG | 

| wel -2.1899 Ooo is 47 Sa lies ~0.1714756 | 
| Wee ~2.1121 026.139 15 Je 20514 ~“QO.03784 | 
| mes - 0.80782 ees) gale 2.33942 0.338546 | 
(| wWTr4 -1.5056 1.1344 20827 ¢.061241 | 
| AVG -1.654 Othe 2.449 G2 0537 
| 

a a 


chosen to reflect the majority of classes cf ships which are 
Beesentiy existirg inthe active U.S. Navy as it exists 
today. Additionally these years are coincident with the 
Same beginning year as Dr. teat S Oeevi cuss workin 


re) 
fRef. 2]. Method A thus does not include ships commissioned 
before 1962 in its computations. Thirteen major categories 
Of ship types were selected as the preferred grouping for 
Tegression analysis. They are displayed in Table X . These 
major types of ships were chosen to reflect as homogeneous 2 


grouping of shirt types as possible. The breakout among 
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_ es Cl t~—~—SY 
| 
| TABLE X 
Preferred Grouping of Ships for Methoi A | 
| 
Major Types Type of Ships Included | 
eon aeice a salsa nee Sen ee eee 
Nuclear Attack SSN | 
Submarires 
Cenventional Submarines AGSS, SS | 
Nuclear Cruisers CGN. | 
| Large Surface AGH, 2 8, CA, 6C,CG,CLG, DDG { 
Combatants (AAW orlented) { 
| Smaller Strface DO VDE geek, 24, ° EG ' 
| Combatants (ASW oriented) | 
Amphibious APA, APB, APD,AVT,LCC,LFR | 
; LHA, LKA, LPA,LPD { 
Minesweeps MCA MCS ¢ NCSO, BSH, MSO ‘ 
Auxiliary AE, AF,A®S,AG S,AH AK, AKL 
| ANL, AD, AOE, AOG,AR*s 
Tenders, AD,AS 
i ConmemrerONnad ALPCrat t CV CVs | 
Carriers 
Nuerecanr Acrerart Gy N 
Carriers | 
| | 
_ oo 
surface combatants was done to reflect the high - low mix of 
pmeeps ard their principal mission in the Navy. Although 


surface combatants pride themselves in being multi-mission 
capable platforms, it was necessary to reduce the total 
number cf ships in that category and it was felt this was 2 
reasonabie subdivision of those ships. The alternative 
feouping Of major types of ships, th= chahging of the period 
of years studied and the regressi Ae be 
presented in detailed in Section B of this 

me sresUul<s ¢f “Method B using the forward differencing 
function technique utilizes only a five year time period, 
NMameiy 1978 to 1982. Pie OEWerA G2ftterencing funczzion 
@eenmigue will te discussed in Section C of this chapter. 
The ships are acgregated by class or by type in each year 
before being agcregated into the whole Navy. R@r thas 


reason, both cléss and type results are displayed in Tabie 
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MI for eech weigtting factor and are both utilized when all 
a 


tims and with a homogeneous 


type of ship the resuits of Method A and Method B tend to 


| 


| TABLE XI | 
Method B Cost Growth Rates Results | 
Forward Ditferencing Technique | 
Of Claes (Cy mand ry est 
(During the Years 1978-1982) | 
| (Expressed in Percentag?s) | 
j GRU/C GRT/C GRAW/SC GRPSC | 
| Wric -—3.0414 =-0. 8234 -).591234 -3.9542 
| Weir =-1.0285 -1,2711 G.7 W706 -1.9624 | 
mezc —-0. 304892 -0. 0086021 0.199299 -0.48512 | 
WT2T -1. 3888 0. Ie 23 1.30677 -1.5183 | 
Meee oC - 3.5695 -1.261 -9.47483 “4.7931 | 
eee 3st -~1.0678 -1.3333 O. Joes 03 =2.0511 
| 
| WT4C -0.93171 =O 033 304 0.0713668 -1.1987 
| WT4T =-1.1813 Ogr25 7 O59 1.11948 -1.30174 
| 
mavg — 1.5964 -0.540 2252 =2.15¢ | 
| 
be se a8 _ 
converge and aprroach one another in value. How *o best 


capture the convergence and =ry to represent a hetéercgeneous 
mea OL Ships in tne aaqgregate is the art of this study. As 
described in Charter I, there existed an influence on the 
Navy's pasic parameter characteristics as the World War I 

ships were being decommissioned in the late 1960's and sarly 
fey O's. Since the years chosen for Method A was 1962 to 
1983 and HWethod A only studied new vlatforms entering the 
Fleet, i* was essentially describing the newer active ships. 
Pyeouly utilizine the last five years in Method 8B, it can 


eliminate the decommissioniags conducted in *he late 
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mimevecd- tye )O°S and ah tha= way captures the essence of 
recent growth. The results for a twenty one year 
(1962-1982) period and a ten year (1973 to 1982) EOrEWaLd 
fete rencing period ars tabttlated in Section C of this 
chapter. 

The results cf Method ©, wsing the differencing function 


technique on the classes sf ships introduced into the fleet 


re EEE, Ss i GE ee Oe) ee ee a me 


| 


TABLE Xil 
Method C Cost Growth Rates Results 


| 
| | 
| | 
P Cuward Das SOS pay Technique | 

On C13 SS(C) and sere ote 
(During the Years 1962-1982) | 
(Expressed in Percentages) : 
GRU/C Gi aeeyeG GRKW/C Be ae | 
| WT1C +-3.8004 ~41.1642 -1.3065 =eeeuae “| 
WRIT -4.2214 =1 097 32 See 3 =] .6043 | 
| 
| WT2C* -4.6387 -1.9303 -0.73794 -1.9795 | 
f WIzT* -~3.8588 ~2.46 47 -1.4817 = 30 9 38 ) 
| mes 6 6-5 5267 -71.974 ~1.4616 -4.1191~ =| 
| Mest =-5.2307 -1.3146 -1.5909 -3.3406 | 
WTUC*® ~7.5915 #351242 = aco 2 aor hey aa 
| wWroT* ~3.3438 = the yey cits -0. 88745 leat 2 ie) | 
| Avg ~4.776 -2. 596 ~1.369 =2) 550 
| : 
—— a a a SS pans, eS andreas LSA cc thm nme mc nN cee dna-eeih ne | 
Since 1962, are presentei in Table XII. This methodology 


Mat rrerencing on the lead ship sf 2sach class as it is 
Mieco duced into the fleet 1s not recommended for utilization 
for reasons which will be dicussed belcw. Tt was not 
pessibie to program weights WT2 and WT4Y where, respectively, 
each ship and its value is counted equally. Wit so Table 
XII means that each class is weighted equally for «the years 


Memewtch *k£he class is commissioned or reserve since 1962. 
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WT4* in Table XII méans that each class is weighted by its 
average acquisition value for the years in which the class 
is commissioned. As performed in Method B, the ships are 
aggregated by class cr by type. Both class and type results 
are displayed in Table XII for each weighting factor and are 
indicated by a "C" and "T" respectively. Again, this method 
is not recommended for utilization. However, «his method 


was attempted as an alternative to Nethcds A and B as a 


possible compromise between their faults and weaknesses. 


Be. METHOD A (TIME-SERIES REGRESSION TECHNIQUE) 


1. Theory Description 


Before describing in detail the various nethodolo- 
gies, i+ is iffportant te define the stylized facts of 
Meowohn. As described in fRef. 7, 9.369], Nichclas Kaldor in 


feo Utziized the long 


appear consistent over time as stylized facts, oz trough 


4 
ip 
ry 
= 
iy 


elationships that seen +o 


empirical observations in 2@conomic n1ojels. These stylized 
faczs are utilized in growth modeis that tie these stylized 
facts together. Often, these i1ong t2rm relationships take 
meer Orm Of Latics. In this analysis, zhe ratics studied 
are units per doliar, tonnage over dollar, generating 
capacity per dollar and creawmenber per dollar. The basi 


Sama clon ci growth rate (Sx) for an item X is: 
GR (X) = (dX / at} / £ Ceigne 3) 1) 


It sheuid be noted that whenever the crowth rates of ratios 
are taken (say cost per ton), that over any inctreesing 
period of time, the negative value is the reciprocal of the 
maeto (-On per dcllar). Thus, the growth rates described in 
this chapter alse describe cost per unit, cos* per ton, cost 
per generating capacity and cost per crewmember. And, a 


negative growth rate of a ratio over time is also a positive 


on 
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In this example, the analysis of variance «able, 
miscellaneous statistics and the parameter estimates of the 


gression trend line from the GLM SAS procedure are 


{-— 
|~ 
ae | 
uD 
je 
t} 
ty 
ti 


. 


Paro x Lt 
SAS General Linear Models Procedure 


| | 
| | 
| 
| | 
DEPENDENT VAFIABLE: RTC | 
| SOURCE De SUM’ OF SQUARES MEAN SQUARE | 
| MODEL 1 24.856 29815 24285629815" | 
| 
ERROR 2 2. 14438056 1.07219028 | 
| 
SonrReECTED TOTAL 5 2720006713871 : 
| 
| HODEL F = Zou S PR > F = 9.0405 
| RooCUARE Qo SoD DEV RIEG@HEAN | 
| 0.970580 35 25 0 1.03546621 i2. 0290954 | 
| 
ee On eo) So SR aOn OF { 
| Piero i. fh Bo TDM AT SS PARAMETER=0 BOATS | 
| SHNTERCERPT = 21. 05956936 =) Ses 6.91240361 | 
| COMMYR 0.47753474 4u.31 0.09917968 | 
| 
ace ee me 
Provided in Table XIII. P@Otechie GEM OUwuput, -Tadie XIII, 


the linear equation for «he time series, Y(t) is as follows: 


MGeye — —21. 06+ 0.4 775° * (t) (eqn 3.2) 


with: %t expressed in two digit years (ex. 60g,  -ets. 
Thus, the value of the ratio of tonnage per doilazr value in 


year (=+1) Woe Osta 7>) Units hagher than the previous 


54 





Tere. TMremmmorner  Stetastics on Table XIII , especially 
R-scquare which is equal to 0.9206, D2 dice eCeunate = nas 2S a 
reasonable model to estimate the slope (dX/dt) required for 


meee basic equation of growth rate in eauation (3.1). 


Additionally,the Durbin - Watson test for autocorrelation 
was performed using the SAS Procedure SYSREG. In the 
Majority of cases,the null hypothesis of positive or 


om 


TABLE XIV 


SAS General Linear Models Procedure 


BD ep te ee | 


| 

| 

| Meee NDENT VAREABLES REC 

PReEOUENCY ¢ Nei ASS 

| SOURCE De Sul Or SOUARES PAN tS OU ARS 

| Ode L 1 46.0737982 1 HO. 37 024 

| ERROR 6 3.50347787 02518391298 | 

| 

| SORRECTED TOTAL 7 Ugs57727605 | 
| 
| 

| BODEL®F = 736.91 PR > F = Q.0001 

| R-SOUARE (Soe STDS RTC MEAN 

| oe 929233 Sym eye) 110 0.76414199 V3. 571049 066 | 

| | 

aso HO < SD ERROR OF | 

PARAMETER BS. Nats PARAMETER=0 foweMaAr Ss | 

| INTERCEPT -22. 8572854 1 =e 0 br 10275086 | 

| COMMYR US 2022 157 3 8.88 0.05666143 | 

| | 

| 

a = Sas oe, ees I ———————— amnntsad 

negative correlation was re jected. Again, this statistical 


check indicated that the time-series regression technique is 


reasonable for estimating the slopes. 
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When the growth rate is weighted by the number of 
ships in each class (i.e. each ship is weighted equally), 
the trend line changes. eolmeeexamole “of the ratio of 
tonnage to dollaxr value, there will be four more observa- 
tions in the model. There are two California class CGNs and 
four Virginia class CGNS inthe data base. Trieoon and 
Bainbridge only have one ship in their respective classes. 
Atrend line recresSion was run on the SAS GLM procedure 
with each ship ccunting equally and the results are shown on 
fmaple XIV. It 1s noted that the slope changes to 0.5033 
and the R-square improved slightiy to 0.929 when each ship 
is counted as skown on Tabie KXIv. is. LlpObtan: <0 


merce that this individual trend line result will be 


ct 


combined with other major types +o form the aggregat¢ flse 


Seend in growth. 


PeeeecAS Sten 


{tn 


The actuel procedural steps using SAS to obtain the 
COSt growth rates for the entire Navy by Method A follow: 
ieotar ting With the entire data base of 1505 individual 
ships, USNS and ships with tonnage less than 300 are 
deleted. 

2. Commissiored year is assumed to be launch year plus 
i WO « 

3. The commissioning years cf 1952 to 1983 are retained. 
The other units with commissioning outside of these 
dates are deleted. (By this me*hodology there exist 
SEecOrecereGEeo? few Classes of ships = introduced into 
the Navy since 1962. ) 

4%. The number of ships in the class is obtained and is 
denoted by NCLASS. Also, the average acquisition 
value of a ship class is determined and is denoted by 
MAQCST84. 





SA inc oceane delisted, except for the lead ship in 


each class. Its acquisition cost is replaced with 


the average cost of its class (MAQCST84). 


6. For the lead ships of each class with its revised 
cost (MACCST84), the desired ratios are taken. 
(Example: ratio of tonnage/dollar =e 7c = 
tonnage/MAQCST84) The other ratios are RU/C, RP/C and 
RKW/C. 


7. The lead ships are sorted by the majer types listed 
in Table X then: 

a) The average value of all above ratios for the 
ships in each major type are computed. 

b) Each major type has the GLM SAS procedure run on 
ratio versus commissioned year (COMMYR). As seen 
in the nuclear cruiser ¢xampis, the slope of «he 
BeGGescionmtrend dine is the output. 

See the prepOrt2onal groweh rates are formed by dividing 
the slope by the average vaiue ci the ratio to create 
the arowtk ratios, namely: GRU/C, GRT/C, GRKW/C and 
GRP/C. 


eee Ser gheing Factors 


Once the four growth rates have been formed, the 
feur weighting processes begin. 

Weight ore (WT1) is created by summing the total of 
all thirteen mavor types growth rates times the number cof 
Classes in the major type. This quantity is then divided by 
the total number of classes introduced between 1962 and 1983 
57) . 

Weight Three (WT 3) is created by summing the total 
of all thirteen major type's growth rates times the sum of 
the average cos* (MAQCSTS84) of eath class in that major 
type. Cis Giant toy) 2S davided by che total cost of ail 
classes average costs (MAQCST84) introduced between 1962 and 
m98.3. 
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By keeping track of the number of ships in each 
class (denoted by NCLASS) and using the FREQ command in the 
SAS procedure Means, one can obtain: 

1. The average value of each ratio for a major type 
weighted ky each ship. (ex.: MRT/C is the avg. rat 
of tonnagé/dollar). 

Pee Also, the total cost of all ships introduced in the 
period 1962-1983 (SCST) can bs obtained. 

Bem slopes are again taken utilizing the GLM SAS proce- 
dure.However, each lead ship's ratio value has been 
Multiplied by the number in that class that have been 
acquired during the period 1962-1983. Thus, ships 
with a large number in its class will be more influ- 
ential in the regression line determination. 

Then the weighted growth rates for weight 2 and 
weight 4 are created. 

Weight two (WT2) ais the sum over all majer types cf 
the grewth rate times the number of ships introduced in thax 
Meves type. This quantity is divided by the total number of 
Ships introduced between 1962 and 1983. 

Weight fecur (WT4) is the sum over ail major types of 
maewgqrOwth rate times the total cost of all ships in that 
Major type. Masel] Gdavuded by the total acquisition cost 
of all shivs introduced between 1962-1983. 

The programs that were utilized to create 
proportional grosth rates by Method A are listed in Appendix 
A. They have teen written so that the SAS staps in this 
chapter coincide with the appnendix listing. 

An additional consideration Wen eet) Zan the 
time~series regression technique is observing the resultant 
epeataStics. Hedi iG c torsce wl |! and wT3 only utilize «he 
Classes cf ships in conducting the regression. Weighting 
Fac=ors WT2 and WT4 require each ship to be considered in 


the regression. Therefore, for each time period, there are 
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two sets of resultant statistics from the linear regression 
conducted on the major types of ships. These statistics 
provide a measure of the quality of the time-series regres- 
Sion mecdel. fable xv provides the regressil 

Statistics for the ratio of tonnage/dollar when weichiag 
each cléess equally. Table XVI provides the statistics for 
the ratio of tonrage/dollar when weighing each ship equally 
Seeeng the period 1962 to 1983. Table XVII and Tabie XVIII 
provide «hese same statistics for crew member per dollar. 


Table xXiX and Table XX provide these statistics for the 


| ocr 


TABLE XV 
Ratio fons/Dollar Regression Statistics 


SS 


| 

| 

Class Weight | 

mejor Type #Cbs Coefficient S$-E. Rxsquare | 
SS BN 4 -0.005 0.097 0.0016 | 
SSN 7 0. 136 Oat 0.1156 | 
Ss 2 =15.452 Ae, 1 
CGN mn 0.4775 0.99 0.921 | 
AAW COMBT 6 -9.2163 Omal2 Os 36 ) 
ASW COMBT 7 =9. 0 122 0.48 0.00013 i 
AMPHIB 9 2.055 1.79 0.158 
MINESWEEP 0 0.0000 -- -- | 
AUXILIARY 8 -0.2556 1.61 0.0042 | 
TENDERS 5 0.5045 0.78 0.565 
CV/CVS 2 0.4649 0.0 1 
CVN 2 et 3 hee 0.0 1 | 
| 

aa | 


l 
t 


Bearer Oor generating capacity per dollar. And finally, Tabl 


(Dp 


XXI and Table XXII provide these statistics for units pe 


a 


femerar (Millions) during the period 1962 to 1983. 
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TABLE XXIit 


Ratio Urits /Dollar Regression Statistics 


_ 


So 


Each 50 79, eae 
Major Type #Cbs Coefficient S-E. RoSquare | 
SSBN 35 -0.000065 0.000 0.744 | 
SSN i8 - 9.0.000002u 0.000 0.000006 ! 
SS e =o ees 
CGN 8 0.000028 C2000 O76 
AAW COMBT 45 -0.00013 0.0060 0.48 
wow COMBT 114 -0.000345 G00 0.664 { 
AMPHIB cQ 0.00023 0.000 0.068 
MINESWEED 0 0.9000 -- -- 
AUXILIARY 26 -0.000014 0.000 0.000298 l 
TENDERS 15 -0.000027 0.000 0.039 
CV/CVS 4 0.00000 06 Pee 1 
CVN 4 0.900012 0.0 1 | 
| 


It is noted that generaiiy, the models improved when ¢ach 

ship of the class is counted. However, the offsetting 

Meeadvean age +O utilizing the individual ship weighting 
2 rc 


factor is that classes with more ships in the class 


are 
exerting a greater influence on the regression model. And 
anus, the classes with more ships are influencing the 
proportional growth rates for the major types of ships as 


well. 


Several cbservations on Tabi XV through Table XXitz 
are worthy of comment. The number of observations is 
approximately the same when class weight is utilized. when 


each ship counts equally,cthe number of observations becomes 


mixed. The Min¢«sweep major ctype has no observations. The 


W) 


coefficients vary from <table to table as expected. ee Be 
noted that the Urits per Dollar ratio coefficients are very 
small in comparison with the other coefficients. Thus,. the 
Significant error of those values is small as well. The 


R-sgquare statistic is quite erratic and shows comictely 
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different values for the different ratios of the samé major 


type. 


Two alternatives to *he base case were conducted. The 
first aiternative utilized a larger grouping sf the major 
types. Since tke base case showed that no new minesweepers 
were introduced during the period 1962-1983, that major ype 
could be eliminaved. The submarines were all classified as 
Seen Major type (SSBN, SSN, and SS). The surface combatants 
were grouped as cne major type. The auxiliaries and tenders 
were grouped tocether. And, “he carriers were grcuped 
together. The resultant grouping sf five major zypes is 
listed in Table XXIII. The time-series regression tech- 
nique was applied to thes2= five major types of shiss. The 
results are shown in Table XXIV. The resul*=s are very 
Simiiar tc the base case when thirt3en major types of ships 
were categorized. The class count regression statistics are 
shown on Table XXV . eee otmpecolmrmsegaceSss7on Statistics 
are shown on Table XXVI . The R-sduare Statistzes are not 
favorable and dc show the non-homogeneity of Navy ships 


Within the larger major types category. 
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am ap A sy cr ge a a A a tes Rs cece IE eran I cee I ge 


GRU/C 
mee = 2. 1075 
hee =~ 16 22 34 
Wes 6 2. 3937 
Wee =60l — 1.6007 
mG.) — |. 83 
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Alternative Grouping 


Oe es 
Surface Ccmbatants 


Auxiliary 


TABLE X 


<a 
~ 


Amphibious 


Carriers 


TABLE 


COIS a) lok, 
Ue eSac 75 
015 | Opec s, 
0.841061 
0.4086 


Ae 


of Ships for Method A 


Method A Alternative Growth Rates Resu:.ts 


| 
| 
| 
| 


| 

=e aoe Ships ineluded | 
SSBN,S5N,aAG59,55 | 
Nain BBECA. CC, CGRCGN, CLG 
DDG, DD, DE, HER, FF, FFG 
APA, APS, APD,AVT,1CC,LFR 
LHA, LXA, LPA, LPD 
AE AP, AFS AG*S, AN AK, AKL 
ani, ao, AOE, AOG,AR's 
AD,AS 
CV,CVS,CVN | 
| 

ap ae ee 

XXIV 
| 

| 

Bess2o2n Teenanigqut | 
ajyor Tyoves 
ears 1962-1983) 
n Percentages) | 
GRKW/C ERP/c 

| 

1.73119 ~0.3705 | 
2.87396 ~0.057677 | 

| 

1.63035 -0.14454 | 
22055 -0.05297 | 
2.36 -0.1564 | 

| 

_ ean a 





== aes Ge eae eee SS eee oe Ss eee ee ee ee ee oe ee Se ee eee eee SS ee ee ee ate Se we ae eee OE ee 


TLBLe XX 
Alternative Rearession Statistics 


= a 
ANanm 
MAOMN 
OrOoom 
e® 2©« 8@ oe 8 
, > Tits FE | ab) 


—O@DO@ 
COCOoO 
CODOOOO 
ee © &@ @ 8 


OOAAA © 


IN 
DINANA 
MMM ZF 
Oored 
ee ef @ @ 


OOQOO® 


INTs 
WUODNOVWO 
em rf Ovo 
° ® e t ® 
Orem 


Oran 
NCO CLAN =F 00 
EnOMmMOowor 
O53 ¢@ @ @ @ @ 
DONDO 


ww ein 
CoCo SS 
MmNHNONS 
Ce ee ee) 


DOOOO 


= 

LO SIN MC 

ON st J 

cate | > Mampi aie fa 
e ¢ @ @ »® 


MIDOAAaIGNY 


= ra th aot 
CILOMONLA = 
Soa a= 
UcCGoorsa 
Meese e 
a a 


Nr OOS 


SUBS 

Ssunr COMBT 
AUXILIARY 
7c VN 


™oomad 

Owoorn 
Or Or 
eo ¢ @ @ ¢@ 


DOCOO 


Si Gin [I JP ae 
NAOM(I~W 
N= or © 

ee 0©«© @ ¢ @ 


MODQAO 


O 

SE 

=F AMNANOD 

moOMyaeraor 

aa ® ® ® ® & 
ae 
{ 


— (Ove Sy 
—<— <— 


Se CE ee ee OE ee ee ES ee Qe OS ee ee ee ee ee 


he 


~ 
1 ala ies (258) 


increased 


base case 


eons 


=O” tee 


ernate 


he second alt 


m 


observation from 1939 


The same 


1S. 


a 


Beeaod c 


1; 


Gacegcr: 


Case 


1) 


etho 


> 


She base 


1 


J 


rsted 


~es of major types 
The resul 


mip « 


regression 
shown on Table XXVIII 


time-series 


sae 
eg 


Oe 


+ 
aS 


were ut 


echnique on this alternative case 


The 
Sin 


c 
ss 


an 
ow 


R-Ssquare 


“liar +o the kase case, 


The second 


que. 


they are un 


oh t ha 


alternative regressicn sta 


cs are not displayed. 
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om 
TABLE XXVI | 
| Alternative Regression Statistics | 
| Faen Spee nts | 
| Major Type #0bs Coefficsent S-E.~. R=Square | 
| RU/C | 
i SUBS Mis -9. 00008 0.000 0.0047 ; 
fh SURF COMBT 167 -9. 00014 02000 OW. 1020 
AMPHIE 59 e700 U2 3 Oe OONG, 0.068 | 
| AUXILIARY a7 0.00007 0.000 0.0078 
| CV/CVN 8 0. 000005 00/00 0.065 | 
RA 
| SUBS us: 92092 0.164 0.003 | 
SURF COMBT 167 9. 04S 0.08 On OZ 
{| AMPHIB 9 i eae OES 7 0.117 
{| AUXILIARY 54 Ve 3 1 0.47 OnOoS4 | 
CV/CVN 8 0.47 Oras: 0.346 
RP/'C | 
| SUBS 114 ~9. 0082 10102 OF 316 
SURF COMBT 167 -(. 075 OOS One 96 
{ AMPHIB 59 =O. OM On01 5 0.00998 | 
{| AUXILIARY 5G “9. 126 0034 ieee | 
jee y /CVN § ~J. 0098 O02 0 0.040 | 
| RKW/C | 
SUES 14 C2 45m6 Or 059 0.349 
feo uee COMBT le Gee Sere Ol 0216 Oe 37 | 
{i AMPHIB Ss “0.485 O27 O05 3 | 
PeROXILIARY 11 eect eis. Os aye 0.141 | 
| CV /CVN 4 0. 2048 0022 0.9325 | 
| 
L » EE or 
Ce. METHCD B ({FOFWARD DIPRPERENCING AGGREGATION TECHNIQUE) 
1. Zhecry Description 
An alternative to the simple regression of Method A 
2S tO utilize @ noving average model. Ti is recalied that 


the Navy Resourc¢ Dynamics Model is making predictions abou- 


Mees ctorce levels far into the future. The length of 
projection and uncertainty about the future demand a 
Samplist.c approach. The simplest of the moving average 


models is based on assuming that 2 likely value for the 





————— Se TT Ka. | 

| TABLE XXVII | 
; 

| Method &A Alternative Growth Rates Results | 

| 

lime-Series Regression Technique | 

_ Revised Years | 

(Ducingmene Years 1939-1983) 

fs ee in Percentages) | 

| GRU/C Gar/C GRKW/C GRP/C { 

eet - 3.4906 -2.6 144 0.254883 -0.49694 | 

| Me -4.5232 -2.72 S52 lioels.3 =020702 382 | 

| WT3 -1.913 =Oa6 9 t2 4 0.367762 =Oezeo7 | 

| WTY -2.84uU" -1.1406 te oy 2 -0 .039746 | 

| AVG <-3.19 -1.79 lesi2 9 -0.207 | 

a _ 


series' next value is a simple average of its valu2s over 
several recant time periods. tis somples stsaightforward 
method wiil tbe called the <torward iffersncing method, 


Method B. 


The forwerd «differencing method assumes that a good 
forecas= will be given by the simple average of its past 
vaiues. This ig a strong assumption. However, the Navy is 
composed of a non-hcmogenaous collection of ships, which ar? 
meguiced to £fy1liilil many iiferent missions and diverse 
commitments. Ties Ven nomegencity working in concer: with 
the changes in the Navy's mix overtime, implies that «he 


Simplest of medéels may be the most accurate. 


HoEwamdeeciiiherencang of  backwetd ditferencing coul 
have been utilized in determining the moving average values. 
rorward aifferencing was selected arbitrarily to coincide 
Meee che Notion that it is the future Navy that this anal- 
Memes 1S attempting to predict. The forward differencing 


technique works by comparing two values that are in timed 
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@2a6r . For example, the value at time t 1S compared with 
the vaine at time t+1. | By subtracting the two vaiues, 2 
difference iss formed. This is repeated at time t+1 when its 
value is compared with time *+2,etc. This continues for the 
full time period dicussed (ie. five years for the base case) 
Backward differercing would be comparing the values at time 
ict, t-2,¢t.c. 

En example of forward differencing is the ratio of 
lees per Million dollars of the Spruance class. On Table 
Ili, the average cost of the Spruance class ship in 1981 was 
PeeeooS million and in 1982 was 272.658 millicn dollars. By 
taking the reciprocal of both these values to form ‘the ratic 


(UWnits/ cost) and then subtracting the two values «the 


difference value for 1981 is obtained. When this value 
meoroed 20592) is divided by the tesiprocal of 272.505, «he 
growth rate (GRU/C) [Osseo soreuare=ss) Class in 1991 is 


ohtained (-0.00056) as is shown on Table IV . Cost per unit 
is obtaired hy taking the iifference between the two average 


@eees (272.658 —- 272.505) and then dividing by the average 


See) PeL> unit: in 1981 (272. 505). The resultant growth rate 
Semeost (value) per Unit is 0.00056. As previously noted, 
oie i= Squdl in value and opposSit2 in sign to the growth 


rate GRU SC. 


One of the disadvantages of the moving average model 
Bemeenat it does rot provide any readily interpretable infor- 
Mation about forecast confidence. Se neo regression LS not 
used to estimate the moving average model, test and confi- 
dence bound statistics ar2 not as accessibie as those from 
regression models. hie comemeStOcnastlc. “Or "unexplained" 
component in «he time-series that creates the errors in 
Berecascind. It must be pointed out again that the utiliza- 
tion of this analysis is for describing long range growth 


PeeectS ON che U.S. Navy's ships. 





iD 


Another reccgnized problem of the moving avéragd 
model is time derendency. Time dependency arises when the 
variable at time +t bears 3 close relationship to the vari- 
ables measured at times + + 1, t+ 2, etc. AS previously 
mentioned, the fleet cannot change its composition in a 
short period of time. There dees exist time dependency in 
this forward differencing technique. However, it does not 
prevent «he analysis from being continued and argued in its 


havio Lo 


NO 
& 
In 


AS step 


lin 


The actuéel procedural steps using SAS to obtain the 
acquisition cost growth rates for th entire Navy by Method 
Beeol low: 

1. Starting with the antire data base, USNS and ships 


With less than 300 tons are deleted. 


ze The remairing data base is then sorted by classes (or 


types) of ships. 


3. Then, thé commissioned active or reserve ships for 


each year (1978 to 1983 in the base case) are 
eEecaved. By deleting the shivos who have retired and 
adding thcse ships who were launched two years ago, 


u 
1% 1S an approximate list of active/reserve ships in 


commission that particular year. 


4. In each of the years, Poe omnes OO: CbServea=1ons, 
average value and Summation for each of the foilowin 


Categories are saved for each class (*ype) of ship: 
number in the class, tonnage, crewsize, generating 
Sapacltcy sand acquisition cost in constant (1984) 


Gellar . 
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5S. For each class (type) of ship in each year the racios 
are created. For example the ratio of tonnage to 
acquisiticn cOS= = Rec = average tonnage 
(MTON) faverage cost of all commissioned units in that 
year. The other ratios are RU/C, RKW/C, RP/C. 


6. Using the SAS difference hingeson Jjdssersbeda if 
(Ref. 6, pe440], the forward differences are deter- 


Mined autcmatically by SAS. 


feeetinen, {he proportional growth rates for each class 
(or type) and each year are formed by dividing thes 
forward difference values by the ratios (in eos 
above) <tc obtain the growth rates, namely: GEG, 
GRT/C, GREW/C, and GRP/C. 


3. Weighting Factors 


ct 
ob 
(D 


Once the four growth rates have been formed, 


four weighting processes begin. 


Weight Ore (WT1) ais determined by using the SAS 
procedure means to find the average value of «he four growth 
rates fcr each class (or type) over all the years studied. 
Then using the SAS Procedure Means again, the average growth 
rate over all classes (or types) of ships combined togeéexher 
is the aggregated growth rate for all ships weighting each 
class equally. 


Weight two (WT2) is determined by aultiplying zhe 
growcth rate of each class (type) by the number of ships 
(denoted by TOTOES) commissioned in th 

i 


class (type). SAaS Procedure Means is 


at year and in that 
ieized -o Obcaln =the 
sum of all these growth rates multivlied by numbers of 


ships. An @xample is the sum for a particular year of «he 
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growth rate of crewsize/cost times the number in that class 
denoted by SYRNEC. This quantity is divided by <«he sun 
total of all ships commissioned in all the years studied 
PNOSHIP). This will “provide the weighted growth rates sc 


that each ship ccunts equally. 


weight three (WT3) is determined by multiplying the 
growth rate for each class (type) and year by the average 
acquzsition cost of a ship in that class (type) that partic- 
ular year. The sum of these values for each class (type) is 
obtained using tke SAS Procedure Means. Fach of these sums 
is divided by the sum of average acquisition costs for that 
class (type) of ship. And finally, ail of these valuss ars 
averaged tc obtéein +the aggregated growth rates weighting 


equally by the class (type) value. 


Weight fcur (WT4) is determined by multiplying each 
Meewcoh ~a =e in each year by the total cost of all ships in 
commission in tnat year. These Ret os ar2 all sumned 
for each growth rate. Then, this quantity is divided by the 
total sum of all commissioned ships' acquisition cost for 
all years studied, The casult is ‘*he growth rates for the 
entire Navy with each ship's value being weighted equally. 

A typical program that was utilized to create these 
Pmemperticnal growth rates by Method B is listed in Appendix 
Be IT has been written so that the SAS steps in this 


meme er coincide with the appendix listing. 


YW. Alternatives 


Two alternatives to the base case of 1978 <t0 1982 
were made. The first aiternative utilizing the same SAS 
steps and weighting factors was produced using a ten year 
time period 1973 to 1982. The results of «his alternative 
are presented in Table XXVIII. 


a2 
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| TABLE XXVIII 
| Method B Alternate Growth Rates Results 
| 

{ 

| 

{ 

{ 

| 

! 

| 

[| 


Forward Differencing Technique 
On Chass (C)y and ee 
(During the Years 1973-1982) 
(Expressed in Percentages) 


Me ME Bee ea a ee Sa ee Ss oe le eee 


GRU/C GRT/C GRKW/C GRP/C 
WE1C -3.5108 -0. 3481 -0.3531 -3.3918 
WEIT -3.2134 -1.1197 0.159313 NaS ve 
WT2C -0. 24702 0.136 231 0.23837 -9.17149 
WT2T -1.5978 -0. 210 15 0.722138 -1. 3645 
WT3C -4.1837 -0.728 84 -9.17343 -4. 2319 
WT 3T -3.7023 -1.5104 0.238862 -1.2572 
WIUC -Q. 75938 0.219086 9.259182 9.55207 | 
WEUT - 1.3092 0.152064 9.73928 -0.9303 0 | 
Avg -2.315 -0.564 Seis -1.667 
ie ee 


The secord alternative also used the same SAS proce- 
dures and weighting factors as the base case. However, it 
Was based on the time period of 1963 to 1982. The second 
aiternative results are displayed in Table XXIxX . 

The base case was chosen over the other two alterna- 
meves fcr two teasons. The first reason was that the 
results more closely resemble Method A'ts base casé results. 
The second reason was the tremendcus influence in the iste 
60's and early 70's of Navy force size. Over the course of 
6 years, the U.S. Navy was reduced by one halt of the number 
Pewshnips inthe Navy. The Navy changed from over 1,000 
meteeve UNZES to iess than 600 units ina short period of 
tine. As was shown in the case of the Spruance class 
MesureOyers and their introduction into the destroyer foresee, 
the decommissionings of World War II built ships were having 


Peesatlac=© Sirtect On the Navy's composition. Elimina-ion of 
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{ 

| TABLE XXIX 

| Method B Alternate Growth Rates Resuits 
| 


Forward Differencing Technique 
@f Class (C) and ee Le 
(During the Years 1962-1982) 
(Expressed in Percentages) 


xii 


| 

GRU/C Gait? G GRKW/C GRP/C | 

| WT1C -4.8427 -1.6578 -1.7047 -3.4654 
| WT1T -4.4569 -1. 9062 =1.598 =2.00 75 | 
ieewt 2c -1.2091 -0.4252 0 12764 -0.29934  f 
Ze 0-1, 7068 -0. 779 34 =O O30 -1.2647 | 
| Wise —5. 5267 -1.974 -1,.4616 “4,1191 
| WT3T -4. 8724 -2.2357 -1.488 =—222995 | 
Meee =—25 7217 -0.900 91 0) Bee siene! -0.83463 | 

| WE4T -1.4212 -0. 447 23 Oa2472 11 “0.84685 | 
| Avg -3.344 =e 2S 2 -0.782 -1.905 | 
| | 
| 
= er pe ee 
that unique charge in tne fleet removes much of the time 


ct 


dependency and change in force composition due to deconmis- 
Seoming=. Thus, the shorter lag period of five years is the 


prererreac case. 


D. METHOD C (FORWARD DIFFERENCING ON THE LEAD SHIPS OF ZACH 
CLASS) 


1. Discussicr 


AS an alternative to Method A and Method B, an 
attempt was made to combine the two techniques. Method C 
was generated by creating tne lead ship of each class as in 
the time-series regression technique of Method A. ches 


includes teplacirg the lead ship cost with the average cos* 
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F From «his revised 


(n 
W) 


fimeecstTeuy oct tte ships in the cla 


4 


data base, the same technigue as in SiodmesWwaceuee Zed £6 
create and appropriately weight the results. 

As menticned in the results section of this chapter, 
Method C is not recommended. Midie@=Oonaliye at does 30t use 
the same weightirg factors as the other two métheds. Method 
C is only presented as a failed technique - one that iid not 


work. There were no alternative cases to Method Cc. 


i hs, 





IV. CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER RESEARCH 


A. GENERAL COMMENTS 


Momdescr ped  UusG@iepeer st, Sle Was the intent of this 
analysis to observe past historical growth rates of the 
Memes 2 On CcOSt Of U. S. Navy ships and their interaction 
with the changes in crew size, tonnage and electrical gener- 
Beng capacity. These growth rates are indicators of part 
of the flow of allocating Navy resources over time. They 
were studied to rfrovide as accurately as possible a forecast 
of the future Navy's growth trends. Specter cally, his 
analysis supports the ongoing Navy Resource Dynamics Model 


Ss 
BeemepEtOvedes ah updated view of the acquasition cost of U.S. 


= 


Navy ships. 


The preferred results of Method A and Me::-hod B are shown 


mmenapcer ITI] on Tables IX and X. Thev have beer combined 
and are displaved in Tabls XXX . Method C was found unac- 
ceptable and is therefor NO: @dwemilay ei. The four 


BeepertzOnal ecqtisition cost growth rates studied are unit 
Bee cOllar(GRU/C), tonnage per dollar(GRT/C), qen¢erating 
capacity per dollar (GR KW/C) end crewmember per 
dollar(GRP/C). The two acceptable methods of aggregating 
the cost growth rates are as follcws: 

1. Method A utilizes 2 linear l2ast-squares time-series 
regressior technique on major *ypoes of ships and «hen 
aggregates the data into tha total fleec. 

meee ctrod, B conducts a meving aggzegation cf cost growth 
rates by keeping track of all the commissioned ships 
in @ particular year, compares yearly totals by class 
amG@mecype Or Sh2p UWt2zi2 zing a forward differencing 


function and then aggregates the results 
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TABLE XXX 
Combined Final Results 


ig | 
| | 
| 
| | 
| | 
Method A Cost Growth Rates Results | 

| Go tume=Ser ves OES bart Technigié 
| (During the Years 1962-1983) | 

Sars re zn Percentages} 
GRU/C GRT/C GRKW/C GRP/SC 
Mele 2. 1099 0.2115 47 Bei) 215 -0. 14756 | 
feat 2 —2. 1121 0.6139 16 2.20314 -~0.03784 | 
| mes =0. 80782 1.37164 26 33982 0. 338946 7 
j wWrt4 -1.5056 1.7344 As) 740 0.061241 | 
| AVG -1.654 05633 2.449 Oe Osa7 | 
| Method B_Cos= Growth Rates Results | 
PoOrward,) Dutterencing Techniqteé 

1 of Class(C) anc EUG 
{ (being the eens, 19/3-1982) | 
i (Expressed in Percentages) | 
| GRU/C GRT/C GRKW/C GRPE/SC | 
WlIc -3.04174 Omni 3 U -0.6171234 ~ 3.9542 | 
f WTIT -1.0285 -1.2711 0.717061 -1.9624 | 
| We2c ~0.30492 -0.608 6021 0.199299 -0.48512 
| WT2T -1. 3888 0.15829 Wes 7 7 -1.5183 | 
| BeoCc ~3.5695 -1.251 ~9.47483 -4.7931 
WTST -1.0678 -1.3383 Or 535308 = S| 
| 
| wEdC -0.93171 -0.033 344 C70? 1s ocs -1.1987 
| WI4T -1.1813 a259659 1.11948 -1.3014 | 
| 
ee 
Bees historical crowth rate computations are analyzed using 


my 


Gur different weights, 
eed 1 bach 
ee WT2—Each 
3. WT3-Each 


Vaiue of 


tty 


nanely: 
Class of ship weight2d equaliy; 
ship weighted equally; 

class weighted by 


the average acquisition 


that class;and 


Ug 





4. WTU-Each ship being weighted by 1tS own acquisitio 
GCSt. Tre choice of which weighting factor to use 
Hemet Cléar. Therefore, An average, denoted by 
AVG, of all fonr weighting factors is presented in 
the tabulated results. 

TMhesneorporac2cn of years 1962 to 1983 for Method A,the 
time-series regression technique, were chosen to reflect the 
majerity of classes of ships which are presently existing in 
the active U.S. Navy as it exists today. Additionaliy these 
years are coincident with the same beginning year as Dr. 
Mroek's previous work in (Ref. 2]. Method A thus does not 
include ships commissioned before 1962 in its computations. 
Thirteen major cateqories of ship types were selected as the 
preferred grouping for regression analysis. They were 
displayed in Tatle X . These major typ¢s of ships were 
chosen tc reflect as homogeneous a grouping of ship types as 
possible. 

Mme sresults ce Method B using the forward differencing 
technique u*ilizés a five year time period, namely 1978 to 
38 2. The ships are aggregated by class or by type in each 
year before beinc aggregated into the whele Navy. ke paces + 
reason, both cléss anc type results are displayed in Tabie 
Peete Gach weichting Eactor and are both utilized when ail 
the weighting factors are averaged. 

Over a Significant period of time and with a homogeneous 
type of ship the resuits of Method A and Method B tend 
converge and apfroach one anotner in ue. How +o best 
capture the convergence and try to represent a heterogeneous 
bedy of ships in the aggr2gate was thea 
As described in Chapter I, there existed an influence on ¢ 
Navy's basic parameter characteristic 
Ships were being deccmmissioned in the late 1960's and early 
fle O's. Since the years chosen for Method A was 1962 to 


1983 and Method A only studied new platforms entering the 
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Fiset, it was essentially describing the newer active ships. 
By only utilizing the last five years, Method B eliminated 
+he decommissionings conducted in the late 60's/early 70's 


and in that way captures the essence of recent growth. 


Be COMPARISON OF METHODS AND WEIGHTING FACTORS 


It is essential to review the advantages and disadvan- 
tages of each method in order to compare the methodology 


Getiaized tc orocuce the aggregate growth rates for the 


| 


entire fleet. Since Method C has been dismissed as inappro- 
priate, Peo lieenece. Do id2ascussed . Shes EeNetoaakg J two 
methods, time-series regression technique and the forward 
differercing technique, have both been affected by several 
heactCrs. These include the effects of aggregation of a 
hetereogereous group of ships, data limitations, inflation 
effects and vthe learning curve effect as dicussed below. 
Both Method A and Method B are affected by the choice of 
which weighting factcr to use and their respective responses 
wen fer. The case of aggregation difficulties was presented 
gm Chapter I on the discussion of the Spruance class ships 
and their effect on the destroyer (DD) type of shin. These 
Ccleax inter~-relationships to acquisition cos* are not always 
obvious when the aggreqation is accomplished at the major 
syp@e and fleet level. The data base limitations principally 
afrected the forward differencing technique, however, there 
were several instances when inconsistency existed between 
the number of okservations of the same major types in the 
SAS regression GIM procedure. hSe ae seussed 2h Chaptes Ii; 
alternative defletor scales could have been utilized which 
would have produced different results in both msthods. And 
finally, an example of the learning curve effect on the 


Memelance Class was shown visually in Figure i.3. Instead of 


qi) 





ieamngeste average ACQUuIS=:ti0n cost in both methods, i* was 
Peser pee tO have Utilized the first ‘follow-on ship the 
second ship of the class), or another consistent follow-on 
ship. All of tte above comments have a direct input to the 


resultant growth rates that are produced. The magnitude and 


al 
The time-series regression technique, Method A, hes many 
advantages. It is a Simple, statistical medeliing approach. 
The effects on trends are felt immediately since,under 
Seeeain conditicns, the linear regression produces the 
Maximum likelihocd estimates. It utilizes only a few obser- 
vations. iit wespLerer rods sime wpesi0dg, 1962 to 1933, and 
ene prererred grouping of ships as shown in Table xX, the 
time-series regression technique only required a total of 57 
observations. I+ is capable of producing variance estimates 
zn its results, as shown in the régression statistic tabies. 

The time-series regression technique, Method A, has 
advantages es dicussed above. It does have some disadvan- 
“ages in its usage. Pir Seeeeor Wald, the time-series 
regression techriqu2 requires homogeneous groupings. As 
previcusiy menticned, the U.S. Navy is composed of diverse 
and unique platforms that are oriented towards different 
feesaens end different utilizations. Secondly, by using «he 
lead ship in eack class é@s the reference point for the wholes 


Steos, there is a subtl2 underlying implicazion that, in 
m 


effect, all ships in the class are built in the same year. 
This applies to weighting factors WT2 and WT4 when each ship 
of the class has eéquali weighting. Another concern with 


uSing the regression technique is the poor quality of the 
R-square statistics. This poor showing inthe R-square¢ 
statistic shows the variability of the preferred groupings 
of major types. MOperalecanative dgroupings,especially in 
the amphibious and auxiliary major types, need +to be 


attempted to try to improve th¢ overall R-square statistics 


80 





values. ici sencewive as Sweuamned i nei Refo9 10, p.352), it 
is impertant to always check for autocorrelation when using 
tne time-series regression technique by testing with the 
Durbin Watson statistic. 

The forward differencing technique has advantages and 
disadvantages of its own. First of all, Method B is simple 
in its design as a moving average model. Tt is easy to 
Memioesh=ps Usine the Stastical Analysis System and to see 
the individual classes and types over time using *+he SAS 
Sov’ conmand. Thus, it is easy *o observe unigue voiatforms 
and classes showing changes in the trends at the lcewer 
leveis of aggregaticn. This technique does not requires 
grouping into major types before aoplying weighting factors 
as is required in the time-series regression. 

Many of the disadvantages of the forward differencing 
technique in Method B hav? previously been mentioned. The 
results are affected by time dependency in its calculati 


oie 
Memeene Celculaticns of this data base, the forward differ- 


encing method combines the activa and reserve ships in its 
@emeulact ons. ites LOmWara  sdlarerencing technique provides 
no forecast confidence, only point estimates of the grewth 
trends. Therefcre, there are no confidence limits readil 
available. As previously shown in Chapter I for the 
destroyer ype ship, Ge aS antlueneced by the effect of 
cecommissioning. It would be aivantageous to have a 


completes data base with the exact commissioning dates and 
periods cf active service, ASeMencetionecd 22 Chapter 2, the 
11 
ated 


y the class of 
uque. 


reactivation of inactive ships, specifica 
battleships, was not reflected in this tech 

It is also appropriate to comment on the weighting 
maGeOL Tesults. PieNOSeseases, Weighting factors tended to 
Operate in pairs. Weights WT1 and WI3 which gave each class 
equal weight ir numbers and average acquisition cost, 


respectively, produced growth rates that closely resembled 
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one another. Weights WT2 and WT4, which gave gach ship and 
each ship acquisition value respectively equal weight, 
produced growth rates that tended to be close together. 
This terdency of the weighting factors was more pronounced 
in the moving average technique. It also had more influence: 


on the regressicn technique when the period studied was 


Bmereased to 193° to 1983. Tn the preferred results of the 
time-series regression “*2chnigue in Table IX, the results 
were different. With the exception of the growth rate in 


generating capacity per dollar (GRKW/C), the weighting 
factor pairs axe WT1 and WT2 against WT3 and wWT4. This 
alignment is gererated by the fact that weighting factors 
WT1 and WT2 weigh by number of observations and weighting 
factors WT3 and WT4 involve acquisition cost weights. 


The average cf the four weighting factors listed in the 


meouvit tables has no statistical basis. AS was previously 
Mentioned, i= was accomplished since thner2 is no clear 
ei@wce Of Which weighting factor to utilize. Dieyvat! our 


have merit and cculd be utilized alone. 
In the forward differancing technique cf Method 3B, thers 


the additional comparison of initiai grouping by classes 


ul 


a 
or types. This shows chat it is possible to aggregat¢ at 
the type of ship level using the moving average technique. 
This is importart when one is foracasting the future Navy 
and the policy makers are interested in a particular type of 
So. De Wieececar be “atti; zed to fstscast the future cost 


growth of that platform type. 


An additional advantage occurs when both methods are 
Mig tized. It is the Simple reason that they can be 
compared. Positive reinforcement occurs when you cbtain 


5 


Similar results using two entirely different methods to 
obtain those Pest ts. This is especially true in this 
analysis since the two methods *end to converge under 


meecopriat=e cond itions. If the results are different, then 


82 





it automatically implies further investigation of the 
results for causative factors that could possibly vrovids 


ane agatrerent results. 


C. CONCLUSIONS 


The results cf this thesis are succinctly shown in Table 
Meee Alcnacugh growth rates are simplistic in concept, aggre- 
gation of the nen-homoqeneous ships that compose che U.S. 
Navy imposed complications to the analysis. The results ar¢ 
based upon the numerous assumptions listed throughout this 
study. 


The two preferred msthods in Teble XXX show mixed 


results. It is obvious that the growth rate in acquisition 
cost per unit (reciprocal of GRU/C) is about one and one 
Heer <C tWO percent per year. This is consistent between 


the two methods. In the second column all weightings show 


ray) 


decrease in the value of the annual cost per ton growth rate 
from the time-series regr2ssion technique. Conversely, thé 
forward Gifferencing tecnnigue indicates an increase in cost 
per ton per year, with the exception of WT2T and WT4T when 
the ships are grouped by *ype in each year before aggre- 
gating. Dieses sets nec as Feinftorcing as the first coluann 
results. 

The growth rate in acquisition cost per generating 
Capacity shows a decrease in all categories except WT1C and 
meee Of che forward dirfsrencing technique. Ties resulzsa> 
Values cr the time-series regression technique are all 
consistently greater in magnitude than the Method B results. 
Of the four growth rates studied, this one has the least 
validation in the data base and consequently is viewed with 


the greatest skerticism. 
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The growth rate in crewmember per acquisition cost 
(GRP/C) shows the largest differential between the <wo 
methods. All the methods and diffrent time periods indi- 
cate a negative. growth rate in crew member per acquisition 
cost except WT3 and WT4Y for the time-series regression téch- 
meg ue . These two weights were larg2 enough in magnitude to 
cause the averace of the four weighting factors to show a 
Slightly negative grewth in acquisition cost per crew member 
in the time-series regression technique. Because of zhe 
uniqueness of this result, the growth rate of acquisition 


cost per crew member should be studied further 


D. RECOMMENDATIONS FOR FUTURE RESEARCH 


This macro-~analysi Mme Dive DO=tlOnror “definzeng he 
. 


fe) 

evolutionary process of changes in he fleet. It provides 

Suey a SMali ansight into the futur2 direction of the fiscet 

aS it continues to modernize. There exist Many other 
S 


< 
el2ments of the Navy modernization process which can 0¢ 


(0 


parameterized ard further validated in support of th 
Resource Dynamics Medel. These are growth rates external to 
this thesis. 
There do exist several improvements and areas of fu 
esearch in studying the long tern relationships between 
Sequlsit2on cost, flee+ tonnage, fleet manning and fleex 
electrical generating capacity of U.S. Navy shins. PaaS 
Samal, chis study only looked at the empiztical growth ratas 
per acquisition dollar. Several other historical growth 
rates could have been studied concurrently using the same 
data base and computer programs. These include the 
Pemlowlng: tons per unit, Crew nembers per ton, crew 
members per unit, crew members per generating capacity, 


generating capacity per ton, and generating capacity per 
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Mins t « fone srecessary co, study all these propor*icnal 
growth rates in crder to transform the historical empirical 
data into a predictive model such as Resource Dynamics. 

An additional area of improvement would be to consider 
different major typés of ships when conducting «he time- 
series regressior technique. By further analysis, it should 
be possible to improve the R-square statistics. 

Another addition to. this analysis would be considering 
Ghe “Military Sealift Command Ships. USNS units ars 
providing an increaSingly active role in fleet operations 
and there may be different growth rate trends when they ar? 
ieeruded with the 0.S. Navy fleet. 

An additional extension to this analysis would be to 
consider modification costs in observing the total asse: 
value of the the force. The flow of resources towards *he 
trade-off of majcr repair of older units versus new acquisi- 
tion involves major decision makers who shape the Navyts 


budget. 
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METHOD A COMPUTER PROGRANS 


Me eK eK ok ee ee eb ae Ke oe ee ee Ke eee eK i eK OK OK KK OK OK KK 


PROGRAM I 
kee This Program Creates the Slopes for ***¥* ee HX 
eH HK Method A Base Case (class count) HE KK KK KK 
ee KX The SAS Steps are pee oped ne eK EK KK EK 
ee ae Chapter IGE He oh He a eK 
FO OR kak foi ka kak eke ake aie kfc fake fe ak ake 2c ofc oa oe kc ke ok ica oi oe ak ake kok ok 


V72D JOR (123 1 0196) 'DOUG SMARTT',CLASS=C 
7/*MAIN ORG=NPG (M1.1231P 
Jf EXEC SAS 
7/FROM DD DISE=(OLD,KEEP) ,DSN=MSS.$1231.GWUSAS2 
J/STSIN DD * 
DATA XX3 

SET FROM. DOUG: 


tok kk kok tok ak gk Step 1 ek tek ake ke of ok ke ok oe ke ke 2 ie ok ok ke oR ok 
Peoeens + =e 8 fT BENS DELELEs 
PoaGlaoce= ¢ "PY THEN DE LEDS. 
fk dk ok ok kkk KK GE Stan 2 9 eka Ek KK KKK 
MWne= UN @hyk + 5. 
tok kok kok kok kok kek tok kk «= Stcp 3 eke Keke ke ake fe ake ae ke fe ke te ae ake fe ok ake oc oe ok 
TF COMMYR < 62 THEN DEL Ee es 
MmoeecONMYR > €3 THEN DELETE: 
SO Ra 2 eb eee. Ps 
Fok tok ok kok ak ake ak kak Sok ok kok Step 4 eof took sek ok fe eo i ok ft ok te oe A ok 
Preece MEANS NCPRINT; BY IME Ee; 
VAR AQCST84 ; 
OUTPUT CUT = AVG 
N = NCLASS 
MEAN= MAQCSTS8L; 
ek KK RAE eK Step 5 stoke Fok ke ok ke ke tok oe oe ake ke ke i oh ke ok 
DATA CV; 
MERGE XX AVG:3BY TYP#; 
haat otet yes THEN GO TO MISS: 
BAL Sye NOI Ou eR a 
Mies > 
PmOeesORTsSBY DEODE COAM YR TYPE; 
PATA ALLS; 
Sie ev s 
Mmomerasou=-UD'2OR CLASS =.'DE' OR CLASS = 'DER'® 
Ore noose § OR CLASS = ,%FFCG’ THEN DCCODE = 13; 
wk RR KKK KKK Sten 6 oe ok ete ee ok Ke ok ok KK KK KH KK 
RTC = TONNAGE /MAQCST84 
RPC = CREW/MAQCSTS84U; 
RKwWC = GENCAP /MAQCSTSB&4; 
muce= 1 /UA OCS Isa - 


Hoe RK KKK a Step 7A RRR ak do ok ok KK KK KK 


BrOGwoonTsBY DCODE COMM YR TYPE; 
POGGmsSANS ; EY DCODE; 

pene ale RPE RKWE RUC MAOCSTS4 ; 
DATA XX2; 7 


ALL® 
oko ake Step 7B a doko dk tok kk ideo ok kee 

PROC GLU; BY EGOD Es 

HODGOL Ric = _COMMYR >; 
PeOCeGEu. BY [CCODE: 

MODEL REC = COMMYR; 
EmOCeGiuieoy  ECODE: 

MODEL REWC = COMMYR; 
mene ce IGbMesBY LECODE: 
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_ MODEL RUC = COMMYR; 
“ke This Program produces the slope values a oe 
**¥* (class count) that will be used in the KK 
meee xXt Program (Program IT) ©O Compute she me He 
*** growth rates with weights WT! and WT3 *  & 


/* 
// 
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MRA oe he ae ae a oe ae ok ae ee aK oe Ke i a i A a OR A OK KK IR oo ok eo OK ok Ok ok 


PROGRAM il 
Sm erie This Program Provides Method A He te oe ae ie oe Fe Ok 
xkkeKkKKX Base Case(class count) Growth Rates. ***x*xxxx 
ek kkekke The SAS Steps and Weightin a ae oS He a ok ok ak ok He 
KK kKKKK 6a) expla eC eneaG) a ahaa eK eK oe KK OK 


Heo 2k foi oi ake ako ke ok ok ok Tae eee ee PRPs eeita x eae tac a 
J/ RD OR Ute haa” ob aaS iG SMART ,CLASS=C 

//*MAIN O 1 

ype EAE 


C SxS. 
//FROM ae eo = VEE, Kesey, DON=NSS.S1231.GWUSAS2 
D 


*k* These are tke Slopes generated from Program I *** 


INPUT DCODE Diva. 

CAR ; . 
1 =U. 00995 155 
2 0313598652 
5 -15.45246881 
u Cou 7 Joou 74 
5 -0.21629168 
6 Z- 054789 81 
7 0.00000000 
8 Opes yayeie| ey) 
10 O25.04538 05 1 
11 0. 46495 156 
2 Ve 5723 554 
13 = e0 i2153526 
BawtA SL23 
mryPUT DCODE DREC ; 

SAKDS; 
1 “0.01160 704% 
Z -0.00390657 
3 0.000900000 
4 0.01591768 
5 -0.05614 286 
6 -0.00493534 
ry, 0.0006000G6 
8 “0.09624 676 
10 0.12463173 
11 0202713055 
12 0.93240144 
13 -0.111993307 
PATA SL3;3 
MNyPUT DCODE DRKWC ; 

CARDS; es 
1 =O 1 9550545 
v2 0.18618 340 
3 0.00000000 
uy Oey i65223 
3 -0.004140565 
6 “0. 12655485 
7 Q.0000900CO | 
8 0.59096446 
10 B75 /92790 
11 0.07500 841 
12 0.23940 464 
13 Omega 65357 
DATA S14; 
mye or DCODE ODRIC ; 

@ARDS : 
1 -6.3905281EF-05 
Z -3. 2006691E-05 
3 ~-0.06993778 
+ 2055/7906 4E=- 05 
5 -0.00011038 
6 eet 995635 58-05 
7 0.00000000 
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8 2.1617566E-05 
10 - €.408606 SE- 05 
17 6.25070C6E-06 
12 1.19702322-05 
13 -~3.00027976 
DATA SLOPES;_ . 
MERGE SL1 SLZ SL3 SL4:;BY DCODE; 
DATA XX; 
SET FROM. DOUG: 
IF CLASS = : 'T' THEN DELETE; 
IF CLASS = : 'P' THEN DELETE: 
CCMMYR = LNCKYR + 2; 
IF COMMYR < 62 THEN DELETE; 
IF COMMYR > 83 THEN DELETE; 
PROC SORT: BY TYPE: 
PROC MEANS NCPRINT:BY TYPE; 
VAR AOCSTS8Y ; 
OUTPUT CUT = AVG 
N = NCLASS 
MEAN= MAOCST84 
SUM = SAOCSTS4;: 
DATA CV; 
MERGE XX AVG:BY TYPE: 
TF FIRST.TYPE THEN GO TO MISS: 
ELSE DELETE: 
MISS: : 
PROC SORT:BY DCODE COMMYR TYPE 
DATA ALLS: 
SET CV; 
TF CLASS = "2D* OF CLASS = *DE" OR CLASS ='DER'* 
OR CLASS = *frt OR CLASS = 'FFG' THEN DCODE = 13; 
RTC = TONNAGE /MAQCSTS4: 
RPC = CREW,/MAQOCSTS4: 
PKWC = GENCAD /MAOCSTS4: 
RUC = T/MAQCSTS4; 
PROC SORT:BY DCODE COMM YR TYPE: 
PROC MEANS : EY DCODE: 
VAR RTC REC RKWC RUC MAQCSTS4 : 
OUTpuT OUT = SUMS 
= sioosea) sa Nest 
MEAN = MRTC MRPC MRKWC MRUC S5 
SUM = S& $7 S8 S9 ScST: 
DATA XX2: 
MERGE SUNS SLOPES; BY DCODE: 
PROC PRINT: 
VAR DCOLE NCST SCST MRTC MRPC 
MRKAC ARUC DRTC DRPC DRUC DRKWC: DATA XX3: 
LA 
re he RR ke AK A KEK Step 3} Me ae ke He ee he ote oe ote ote ke ae ie ke oe eK ek Kk 
GRTC = DRTC/MRTC; 
GRUC = DRUC/¥RUC: 
GRKWC = DRKWC/MRKWC: 
GRPC = DRPC/NCST: 
WITC = GRTC#XCST: 
W1IUC = GRUC¥XCST: 
WIKWC = GRKWC¥NCST: 
W1PC = GRPC#NCST; 
W3TC = GRTC*SCST: 
W3UC = GRUC*SCST:; 
W3KWC = GRKWC*SCST; 
W3PC = GRPC*SCST; 
PROC MEANS : 
VAR W1TC W1PC WIKWC WIUC 
W3TC W3PC W3KNC W3UC: 
OUTPUT CUT = BSUM 
SUM =SW1ITC SWIPC SW1IKWC SW1UC 
SW31C SW3PC SW3KWC SW3UC: 
DATA XX4:; 
SET SUMS ; 
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PROG 3caANs 3 
VAR NCST SCST: 
CUTPUT CUT = HIT 
SUP = SNSHPS SSCST 
DATA XX5 
MERGE BSUM HIT: 
WIGETC = SW1IC/SNSHPS:; 
WIGRUC = SW1UC/SNSHPS 
WIGRKWC = SWIKWC/SNSHPS; 
WIGRPC = SW1EC/SNSHPS: 
W3GRTC = SW31C/SSCST: 
W3GRUC = SW3IC/SSCST: 
W3GRKWC = SWIKWC/SSCST: 
W3GRPC = SW3EC/SSCST; 
PROC PRINT ; 
VAR SW1TC SNSHPS SSCST: 
PROC PRINT : 
WAR WIGEEC WIGRDC HIGRKWC WIGRUC 
W3GRTC W3GRPC W3GRKWC W3GRUC: 
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Fe eI eK ie ee ee eee eae ee ee ee ee oe Re Ee ee ee IK Ee Oe ee eK ee ok 


PROGR AM ia I 
*e¥XX*KX This Pregram Creates the Slopes [Or **** *** xx 


eX AK 4: Method A Base Case (ship, count) Sy eee 
SX Ee ES Y The SAS Steps are explained in te Sas 
fee ea 2 ak Chapter Tit ee ake ak ak ok 2 2 
TPESTSCL COTS COLO SS SSCS SSCL SOSCoSS SCS ee SES CSL ee See eo 


J//RD OB (1231,0196),-'DOUG SHARTT', CLASS=C 
J/*MALN ORG=NPG VM1. 12312 

// EXEC SAS 

//EROM DD DIS F= (OLD, KEEP) , DSN=4SS.S1231,GWUSAS2 


SET FROM.DOUG; 
OC eo Step 1 dao ick dake tok kkk 
Meeebress = 2. .* THEN sLer Ss; 
ry Reom= 3 'PY oven DELET s« 
$e GRO «Step 2 so ag sk Rk kk 
COMMYR = LNCHYR + 2; 
se ok dak iniek dex aaa ab S + ep PLoS ToTCoLCC SOLS LCST eS. 
me COMMY Re <me Toes S Lists ; 
ie eeCOUNNR tS) Uae Ee LETTE: 
Pac S5SORls war TYPE. 
EC odo Step! ok sok ack ok kok kok kek 
PROC MEANS ® ROPRINE, BY TYPr; 
VAR AQCSTS84 ; 
UT OUT = AVG 


LASS 
MAQCST84; 
Jok SOk ICK $k Step 5 eek dos kik ak dk ook x 
DATA 
ee is 
Siete THEN GO TO MISS: 
Looseve Lele ¢ 
PROC SORT; DE COMmMYR TYPE: 
DATA ALLS: 
Sl CV; 
eee nl So est DD eee CLASS = *DE’ OR 
OrwcuAsSs.= °FE*® OR CLASS = 'FFG* THEN 
Tok So SOR kek KS fap 6 |) ak ko kak kk tok ek KK 
RTC TONNAG E/MAOCSTSU - 
R HE CREW/M AQCST 84; 
REWC = GENCAE/SMAQCST84; 
RUC = 1/MAQCSTS8&4; 
aa ecko a Step 7A asd ace ik irc iii 
prmeete @sORT? BY DCODE COMMYR TYPE: 
PROG MeANS <=epY DpCODE: 
VAR rkTC RPC RKWC RUC MAOQCSTS84 ; 
DAA. &X 2° 
Si why 65 
SoCo ek Step 7B kok doa dk kk ik i 
PROG @Gin: BY. DCODE; 
NODiiL hk! Ge= COMMY R: 
FROC GLa 


PR@GeGinsbyY DECODE: 
MODGL RKWC = COMMYR; 
PreeGwa tn. bY DCODES 
_ MODEL RUC =_COMMYR; 
Sat th2>S Program produces «h 
eee (Ship count) that will b 
aoe NeXt peor an (Program IV 
aaa GrOWwt 12 
/* 
// 


Slepe values a ox > 
used in «the Kx 
TO compu ze the KK 
Wo? an WTY MK He 


OQ" ib wD 


rates with weigh 
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REA 3 AK he ee ie i Ke eR Oe RK KK eK 2K eK ie A KK AK OK OK ie i OK OK OK OK 


PROGRAM IV 
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SL3: 
UT DCODEF 
CARDS: 


TA 
& 


DOerarnm”M ae 
NNRANO HH MNO AWNOR OTK RK OM RK QH KNMANON DORK RK KM AH KANMANOFOTr KK KOH KNMmMsaMNwor 


ONoOr-onoonMn-am™” 
DWOONANINODONSAOMW 
THMOOM FOP" NVNOAN 
BS) (esl D100 im fA a OATS 6) eee Lae 3 oe 
~HOwrasNOWONOAWN 
ATFOUOWDMNOMOMNNE- 
NWOM™ DODUFMO 
TmUNOMOATAOOMONWNM 
ev eee er © eo ee & @ 
Ge Oe ee 


Ornm 


we 
© 
'(~ wo 
ho © 
ST ’ 
™) F291 CO FIMIN© 
Odom Ow © 
NV HAOODO 
MHKMOMTOANS 
MMO ENO 
e IAMHODOOO 
DOrVOO 
UO worODwnDooo 
=) | ® «© © 6 @ 
aa NODNOOO 
a rt 
ea 
eof 
Rm et oe 
On 
NAA 
aa 
Hi eg 
en 
E41Ay 


on a 


Se 





8 ~1.3499559E-05 
10 -2 .6607963E-05 
A 6 .2507006E-06 
D 1.1970232E-05 
13 -0.00039499 
DATA SLOPES; _ 
MERGE SL1 SLZ SL3 SL4U:BY DCODE 
DATA XX: 
SET FROM.DOUG: 
IF CLASS = : 'T' THEN DELETE 
IF CLASS = : 'DP' THEN DELETE 
COMMYR = LNCHYR + 2: 
IF COMMYR < 62 THEN DELETE; 
IF COMMYR > 83 THEN DELETE; 
PROC SORT: BY TYPE; 
PROC MEANS NCPRINT:BY TYPE; 
VAR AOCST84 ; 
OUTPUT CUT = AVG 
N = NCLASS 
MEAN= MAOCSTS84 
SUM = SAQCSTS84: 
DATA CV: 
MERGE XX AVG:BY TYPE; 
IF FIRST.TYPE THEN GO TO MISS: 
ELSE DELETE: 
Miss; 
PROC SORT: BY DCODE COMMYR TYPE: 
DATA ALLS: 
Sta sey: 
TF CLASS = "DD' OR CLASS = 'DE' OR CLASS ='DER' 
OR CLASS = 'FF' OR CLASS = 'FFG' THEN DCODE = 13: 
RTC = TONNAGE /MAQCSTS4: 
RPC = CREW/4AOQOCSTS4:; 
RKWC = GENCAP/MAQCSTS4: 
RUC = 1ZHAQCS T8u 
PROC SORT:BY DCODE COMMYR TYPE: 
PROC MEANS ;: EY DCOD2: 
FREQ NCLASS: 
VAR RTC RPC RKWC RUC MAQCSTS4 ; 
OUIPUT OUT = SUMS 
N = $152 $3 SU NCST 
MEAN = MRTC MRPC MRKWC MRUC SS 
SUM = S6 $7 S8 S9 SCST: 
DATA XX 
eine SUMS SLOPES; BY DCODE; 
PROC PRINT: 
VAR DCOLE NCST SCST MRTC MRPC 
MRKWC MEUC DRTC DRPC DRUC DRKWC: 
DATA XX3; 
SET XX2: 
tek HK OK OK ok tok k gok SLED 8 ME Me he He ke ake He ke a eK Ke ake i oie ok ie ke ie ke ok OK 
GRTC = DRTC/*RTC; 
GRUC = DRUC/#FRUC: 
GRKWC = DRKWC/MRKWC; 
GRPC = DRPC/NCST: 
W2TC = GRTC*KCST: 
W2UC = GRUC*NCST: 
W2KWC = GRKWC¥NCST: 
W2PC = GRPC*NXCST; 
WUTC = GRTC*SCST: 
W4UC = GRUC*SCST: 
WUKWC = GRKWC*SCST: 
W4PC = GRPC*SCST: 
PROC MEANS : 
VAR W2TC W2PC W2KNC W2UC 
WUTC WUPC WOKWC WHUC: 
OUTPUT CUT = BSUM 
SUM =SW2ZTC SW2PC SW2KNC SW2UC 
SW41C SW4PC SW4KWC SW4UC: 
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DATA XX4; 


Spe ouMS § 
PROC MEANS ; 
VAR NCST SCST; 
OUTPUT CUT = HIT 
suee = SNSH?S SSCST; 


DatTA XX5; 


/* 
// 


MERGE BSUM HIT; 
W2GRTC = SW21C/SNSHPS; 
W2GRUC = SW2UC/SNSHPS: 
W2GRKWC = SWZKWC/SNSHDS ; 


W2GREFC = SW2ZEC/SNSHPS; 
WOGRTC = SW4 IC/SSCST; 
W4GRUC = SW4UTC/SSSCST; 


WHGRKWC = SW4YKAC/SSCST; 
WHUGRPC = SW4YEC/SSSCST; 
PROG eeRINT ; 
VAR W2GETC W2GRPC W2GRKWC W2GRUC 
WOGRTC W4GRPC W4OGRKWC W4UGRUC; 
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APPENDIX B 


METHOD B TYPICAL COMPUTER PROGRAM 


MEK HK IK Ke eK ae he ok eK ok KK aK KK eK ea ee oe oe oe eK eK Aca Ke eo oe oe ie eK OK OK oo OK ok ok 


PROGRAM V 
Sato te a This Frogram Creates Method B ae ee ee ee 
KK KKKKK Growth eee With Weighting Factor ******kx* 
sek i a ake ok WIT (by Type) | oe 2k a 2 ak oie ak ok 
“Selig as ahaa cuca © See ae 3 ained in SSI EEA a a 
mek KK a ok ok cor we Ke Ke eK KK ok 


oe ge RU frre ae ee eae eae bx hares eas oe 
*¥XKX Note: Class in this program Pen acoual.y eng ar 
pemmer Shap "type" as correctly described in ea 
ake ak ok Chaeer I. ee kK x 
ge emir SOO SO ICO kook dak de dik eke 
JR JOB ee roe ‘DOUG SMARTT',CLASS=C 

/7eMATN ORG=NDG VH1. 12512 

yy? EXEC SAS 

//EROM De ee ees ae) Dee 5 1231-GNUSAS 2 


Gye: 
SET FROM.DOUGE; 
tek kk kk ak dak kok ok otk Step 1 tek ook eke ok ok oe ok ek eK KK 
ie “Giotto oc — = 'T* LPHESM DELETE: 
me Glas ee= : *P' THEN DELETE: 
fo kkk Step 2 Ri sok sok ack kak Seok ok ok ok tek ok oe ke 
mk OC SORE “3.5 ¥ CLiss: 
tok kK KK RK KK Step 3 TELS ST OCLCLSS oe SS SLL eS SS 
DATA SE aio. 
Soa CVs 
Pe Neale = OOO RO OENGHYR = . THEN DELETE; 
Ween nan = . Thon GO FO MISS; 
ELSE IF RETYR < 79 & RETYR > 1 THEN DELETE 2 
Mi So 
YEAR = 1978 ; 


TOTOBS=_N 
PROC MEANS NOP RINT: Br CLASS 
VAR TOTOBS TONNAGE CREW SENCAP AQCST84; 


mp YEAR; 
eK HK ok Step 4 for YER 1978 ee eo oe KK 
ak 


OUTPUT OUT = 
N = TOTCBS NTON ND NKW NCST84& 


MEAN = SKIE MTON MP MKW MCSTS4 
SUM = SKIE1 STON SP SKW SCST84; 
DADA SEVEN9: 
SET CV: 
IF LNCHYR > = 77 OR LNCHYR = . THEN DELETE: 
IF RETYS = . THEN GO TO MISS; 
Tseee IF RETYR < 80 & RETYR > 1 THEN DELETE; 
YEAR = 73 
TOTOBS= N 
PROC MEANS NOPRINT: BY CLASS; 
VAR TOTOBS TONNAGE CREW GENCAP AQCSTS4: 
ID YEAR: 
OUTPUT OUT = T79 
N = TOTCBS NTON NP NKW NCST84 
MEAN = SKIT MTON MP MKW MCSTS84 
SUM = SKIE1 STON SP SKW SCSTS84: 
DATA EIGHTO: 
Sir Cvs 
IF LNCHYR > = 78 OR LNCHYR = . THEN DELETE: 
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Mean elYynr = oc 2HEN GO TO NIss: 
ELSE IF RETYR < 81 & RETYR > 1 THEN 
MoS? 3 
YEAR = 1980; 
TOTOBS= N 
PROC MEANS NOPRINT: ByewGn ASS : 
VAR TOTOBS TONNAGE CREW GENCAP AQCSTS84; 


TID YrAR 
TDUT OUT = 780 
N = TOTCBS NTON NP NKW NCST84 
MEAN = SKIE MTON MP MKW MCSTS84 
SUM = SKIF1 STON SP SKW SCST84; 
DATA EIGHTT1; 
Sie. CV: | 
IF LNCHYR > = 79 OR LNCHYR = . THEN DELETE; 
PP RET |= ~ THEN GO TO MISS: 
Eisoe LE RETYR < -62 6 RETYR eye eee, ry ee ie 
MSS, 3 
YEAR = 1981; 
TOVOBS =man . * 
PROC MEANS NOPRINT: BY CLASS; 
VAR TOTOBS TONNAGE CREW GENCAP AQCSTS84; 
TD YEAR: 
OUTPUT OUT = 781 
N = TOTCBS NTON NP NKW NCST84 
MEAN = SKTIE MTON MP MKW MCST84 
SUM = SKTE!1 STON SP] SKW SESTS4: 
DATA PGT 2: 
Ser CV: 
TF LNCHYR > = 80 OR LNCHYR = . THEN DELETES 
ie RET Yr = 5 THEN GO @G MISS; 
Poe br ABT YR <sogec SETYR > 1 THEN DELETE: 
HESS? 23 
YEAR = 1982; 
TOTOBS=_N 3 
PROG MEANS NOPRINT: BY CLASS; 
VAR TOTOBS TONNAGE CREW GENCAP AQCST84 
mo Y AAR: ‘ 
SUTPuT OUT = TS2 
N = TOTCBS NTON NP NKW NCST8Y& 
MEAN = SKIE MTON MP MKW MCSTS84 
SUM = SKTIE!1 SLON of Shw oGo lsu: 
DATA pope 
he ENG YR > ="81)0R ENCAYR = . THEN DELETE: 
Mime to — seas ~GO LTO MISS: 
Pict he ney hemo & RETYR > { THEN PELETE: 
MESO se 2 
VEAR = 1983; 
TOTOBS= NW; 
PROC MEANS NOPRINT: BY CLASS: 
ea tala TONNAGE CREW GSNCAP AQCST84; 
Sur >uUT OUT = T83 
N = TOTCBS NTON NP NKW NCSTS88 
MEAN = SKTIE MTON MP MKW MCSTS84 
SUM = SKIE! SLONwOe  SKW 565164 > 
DATA ALL; 
Siwy ost yo T8073 1 T82 T8383: 
PoaG voOR) ¢8BY CLASS YEAR: 
DATA ALL1 : 
SET ALL: 
AEs $k aR KK AR ENE Step 5 eae sak ok kok ke ok ke ok ok kak ook ok ok 
RUC=NCSTE4/SCST84:RTC= MTON/JMNCSTSas 
RKWC=MKW/MCSTS4 ;RPC=MP/MCSTS4: 
Wiese a) = YEAR -— 1; 
fo do KE Step 6 KOK OK doko aki ak ok 
= DIF (RUC) :D2=DI F (RTC) : -D3=DIF(RKWC) :D4=DIF (RPC) ; 
SO ROK IRR RAR RAK S46 7 RK KO RK RR KR RK 
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GRUC=D1/RUC;GRTC=D 2/RTC; GRKYC=D3/RKWC3;GRPC=D4U/PPC; 


SORT :BY CLASS YEAR; 
ALL2: 
SET ALL1; 

IF YFAR1='1977' THEN DELET 
FIVE; 
SET ALL2: 
TF YEAR1<1978 THEN DELET®: 

MEANS NCPRINT:BY CLASS; 
VAR GRUC GRTC GRKWC GRPC :; 
OUTPUT CUT = ONE 
MEAN= MICGRUC MICGRTC MICGRKWC M1CGRPC : 
WEIGHT1; 
SET ONE: 
MEANS NCPRINT: | 
VaR wiccrue MiGG2,be M1lCGRKNG MICGREC -: 
OUTPUT CUT = TONE 
EAN= MIGRUC MIGRTC MIGRKWC MIGRPC :; 

INT DOUBLE: 
GROWTH FATES POR ALL SHIPS; 

EACH TYPE OF SHIP WEIGHTED FQUALLY(WTIT)): 
FIVE YEAR PERIOD) j 

VAR MIGRUC MIGRTC MiGRKWC MIGRPC -: /* // 
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